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The Watershed Protection and Flood Prevention Act of 
19541 (and subsequent amendments thereto) permits locally 
organized watershed associations to sponsor the construe= 
tion of improvements for (1) flood prevention~ (2) drain-
age, (3) irrigation~ (4) recreation, (5) wildlife and (6) 
providing water for municipal and industrial purposeso 
These watershed improvements create a potential to increase 
agricultural output through reduction in flood damage to 
cropso The reduced flooding hazard also creates opportun= 
ities for farmers to increase efficiency by making adjust= 
ments in land usej capital investment 1 and farming prac-
tic es o These opportunities to adjust arise from possibilities 
1This act followed 18 years of upstream flood preven= 
tion activity by the Federal Government~ which began with 
the Omnibus Flood Control Act in 19360 The Flood Control 
Act of 1944 1 which authorized flood control improvements in 
11 watersheds of the United States, included Oklahoma 0 s 
Washita Rivero Congress authorized 60 pilot watershed proj-
ects during the fiscal year 1954. Public Law 1018 of 1956 
w.n.ich amended Public Law 566 (1) included non-agricultural 
water measures~ (2) authorized federal credit assistance~ 
(3) revised the work plan approval procedure and (4) au= 
thorized the Federal Government to bear the entire cost of 
the flood prevention purposes. A further amendment (Public 
Law 85-865) in 1958 provided federal technical assistance 
and cost sharing for fish and wildlife development. 
1 
2 
to (1) use flood plain land more intensively as flood risk 
is reduced, and (2) to irrigate with the water impounded by 
the water retarding dams. 2 
Currently, Oklahoma has about 30 percent of its total 
land area involved in watershed development in some one of 
several stages from applications received to complete 
constructiono 
For various reasons, farmers of a given watershed may 
be unable, or unwilling, to make the adjustments necessary 
to realize the full potential for increasing their net in-
comes made possible by a watershed improvement projecto 
They may be unable to acquire the additional capital~ un-
willing to put forth the extra labor, or they may simply 
lack information as to the economic consequences of the 
newly created alternatives now facing them. 
Farmers generally lack information needed for achiev-
ing the potential increases in net returns made possible by 
flood protection, but this is not as crucial as the need 
for more knowledge of the irrigation potentialo Because 
structures for flood control purposes are almost completely 
financed by the Federal Government~ farmers with flood 
plain land have little difficulty in deciding for the proj= 
/ 
ect. But since a decision to add increments to dams for 
2These dams are generally called "structures uv py those 
who work with the flood control program. The terms may be 
used interchangeably in this dissertationo 
irrigation requires capital outlays by the farmers, they 
are more reluctant to agree to irrigation development. 
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A further obstacle is presented by the necessity to 
make the decision to invest for irrigation at the time the 
structure is being planned by the engineerso Lack of in-
formation at this stage is probably reflected in the few 
structures planned for irrigation. Of 209 plans in the 
United States as of January, 1960, only 10 had included 
irrigation water storage. 
This study is limited to one watershed, Boggy Creek, 
which is located in W'ashita County in Southwest Oklahoma. 
The area is between Clinton and Cordell, with the stream 
passing just south of the small town of Bessie. The head 
of Boggy Creek.is near Burns Flat. From here, it flows in 
an easterly dire~etion for 18 miles where it empties into 
the Washita River about six miles east of Cordell. The to-
pography is rolling, with the elevation varying from about 
1400 feet to 1870 feet above mean sea level. The soils 
range from fine to medium textured with very shallow to 
deep profiles. The slowly permeable clay soils developed 
mostly from the Cloud Chief shales. The permeable deep 
sandy soils are from the Elk City sandstone and the shallow 
soils developed from the Doxey silt stone formations. 
For the purpose of this study, the land is classified 
by upland and bottomland. The upland is sub-divided into 
native grassland and cropland., and the bottomland is divided 
4 
between flood plain and n~t-flood p;Lai/n ': land,. The assumed 
homogeneity of yields in th+iu~\ ,elasses 1 ~peal's justified 
from an examination of tht, i1$l):4 soi,l. s~ey :of ~ashita 
County.3 The results of ,tije,: soil gurve,t indida~. that the 
' . 
. i 
principal soils •o'f tlfe bo~o11iand are lt~inaeh Very Fine 
Sandy Loam, Portland Silt3,' &'J..~ Loam, Yahola Silty Clay 
Loam, and Yah.ola soils undifferentiated. The upland soils 
are chiefly Tillman Silt Loam, Vernon Silt· Loam, with small 
areas of rough broken land. The bottomland soils are de-
$Cribed as productive, and there is- not a gr&a.t variation 
in the yields as between soill.types. The Tillman Silt Loam 
Of the '1,plands is de.scribed as an u·agtieul turally important 
. . --......~, 
sdil occupying large- smoothly undulating areas in the cen-
tra'.1. »~t of the eou.nty. 114 The Vernon s±1t Lo~· is shal-
lower, with steeper· slopes than the Tillman. Mu'e.h of it 
has never been eu.-lti vated, and it supports a cover of na-
tive buffalo grass, gram.a, and: blue stem. 
!he .study .is limited to the 64 .tarms in the waters:b.ed 
containing flood plain land. These farms in the watershed 
emphasize. the production of wheat, cotton, barley, grain 
sorghum, and beef cattle.. The general pr_oblem is to anQlyze 
the_p<?:tential effects of the, .federal small watershed proj;,. 
t d .,,. ,p .p ee upc,n pro ucftl:&-Il and· income .1. or these .arm.so 
. 3Ao Wo Goke, 0;6 A. Hollopeter, and Co F. Fisher, Soil 
Survey of Washita Ceunty, Oklahoma, t1nited States Dep~t-
ment ofAgriculture, :Sureaµ of.Chemistry and Boils, Soils 
Survey Division'i and Oklahoma Agricultural Experiment Sta-
tion, Series 193.5, Noo 17, (Washington, Do C., Harch,1941). 
4 Ibido, Po llo 
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The study divides into two phases: flood control and 
irrigationo The main effects of the flood protection pro-
vided by a watershed project are (1) reduced flood damages 
to crops presently being produced on the land, and (2) 
changes in use of the land to more intensive crops accom-
panied by other farm organization changeso The main ef-
fects of providing and using irrigation water are increased 
capital and labor requirements, and greater output per 
acreo Net returns to farmers may or may not be increased 
by irrigationo 
Some specific questions considered in the flood con-
trol phase were: What are the potential changes in use of 
flood plain land? What are the relative magnitudes of the 
two component economic effects: changed land use and re-
duction in flood damages? What are the flood protection 
effects on use of lands other than the flood plain which 
may be operated by the same farmer? How do sizes of farm 
units, relative amounts of bottomland and uplandj and sizes 
of acreage allotments affect land use adjustments? How do 
net returns to the farms change with different levels of 
flood protection? Some specific questions considered in 
the irrigation phase of the study were: What is the value 
for irrigation of water supplied by the structures as de= 
signed for flood protection alone? How much can farmers 
afford to pay per acre foot of water stored under cost-
sharing agreements? How much per acre foot would such 
storage capacity cost? 
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Although the potential flood protection and irriga= 
tion benefits to farmers within the watershed comprise a 
high portion of total benefits to watershed development, 
important effects not considered in this study include re-
duction in damage to farm and public property, and the 
creation of additional potential for recreation and wildlife. 
A major hypothesis of the study is that the potential 
effects of watershed development vary significantly among 
farmers in the watershed with different resource situa-
tionso If this hypothesis is true, the results of the 
study will have implications for methodology of watershed 
evaluation as well as for adjustment by individual farmerso 
More specificallyj the results of the study could support a 
"whole farm 00 approach in watershed planning, which., cur= 
rently, is not the practice of project plannerso The dis= 
tinguishing feature of the methodology of this study is the 
91 whole farm 00 approacho How this methodology differs from 
current practice in watershed planning and from other pro-
posals warrants a brief explanationo 
Alternative Approaches to Watershed Evaluation 
The approach to watershed evaluation now employed by 
the Soil Conservation Service is an effort to estimate a 
benefit-cost ratio for a project by considering only the 
flood plain land, with and without flood protection. This 
does not adequately take into account the differences in 
individual farmers' adjustments which are due to their 
7 
total resource situations and their differing farm organi-
zationso An alternative approach is to consider the whole 
watershed as an entity for planning.5 
The purpose of this section is to briefly describe and 
point out deficiencies in each of these two approaches, and 
then to defend the methodology used in this study as apos-
sible remedy .for these deficiencieso 
The Soil Conservation Service calculates benefits and 
costs for a specific project by considering the watershed 
"with" and "without" the project serviceso Project plan-
ners are provided with detailed instructions for estimating 
the damages of flood-water to crops and pastures, roads, 
bridges, etco Surveys of farmers in the area are made for 
the purpose of getting basic information needed for calcu= 
lating the damages from floodingo Farmers are asked how 
flood plain land is being used prior to protection andwhat 
use is anticipated after protectiono Then by budgeting the 
aggregate values of these uses, with and without the proj= 
ect~ the benefits from reduction in flood damage to pas= 
tures and crops are calculatedo Generally, agricultural 
5For examples, see John Fo Timmo~s, 00 Economic Frame-
work for Watershed Development, 0' Journal of Farm Economics, 
XXXVI, Deco, 1954, ppo 1170-1183; Fletcher Eo Riggs, 00 The 
Watershed as an Entity for Planning," Economics of Water-
shed Planning, edo Go So Tolley and Fo Eo Riggs (Am.es~ 
1961), ppo 59-67; and George Eo Pavelis et alo, Methodol-
,2£i;l of Programming Small Watershed Development, Iowa State 
Agricultural Experiment Research Bulletin Noo 493 (Ames, 
April, 1961)0 
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benefits are ascribed to (l) reduction, in flood damage to 
crops and (2) the added value of crops from more intensive 
i'. 
use of the flood plain land made possible by the project. 
The defe.<ft in this method :ts that farmers living in a 
'watershed ordinarily have only a portion of -their farm 
units occupying flood pl.ain lando Possible effects of the 
project upon land u.s.e and income of the non-flood plain 
portions of the farm uni ts. are not considered by the me-tho.d. 
The concept of a watershed as a firm has gained some 
acceptance. in the literatur.e since its first explicit 
statement by Timmons and others. 
Technically, these ideas concerning. the. watershed as 
a fi.rm do not violate the definition of a firm. as a deci-
sion: making unit if we limit the scope of decision making 
to the wat.ershed associationo But. because the association 
can only make certain limited decisions -- mainly with l;'e-
spec.t to whe,ther or not a project should .. be: sponsored and 
federal assiatanee requested the concept· o! · a watershed 
firm- has serious 1imi tations. ±.f appli.ed. to .estimating the 
impact of a project· on a particular watershedo 
The reafion for these deficiencies is. not hard to·find,o 
The management of lands in a watershed does' net depend .. on 
the. decisions., of group action, but is the result of the de-
cisions of· many individual farme-rS·o 1Because these, individ-
ual farmers operate. very diverse units with respect to 
land, labor,ap.d capital resources, they_ will vary greatly 
in their suseep_tib,ili ty to. being affected by a watershed 
projecto This was recognized by Timmons in his original 
development of the watershed firm concept: 
The watershed firm differs from the farm firm 
in that it is made up of many farm firms (at least 
two) and other participants with varying (often 
times conflicting) objectives of the entrepreneurs, 
different situations in which to achieve their ob-
jectives and varying costs and benefits incident to 
the development of the watershed as a wholeo6 
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This seems to indicate that any attempt to estimate theef= 
fects of a watershed project by considering lands and re-
sources in the aggregate as if under one management is 
likely to result in very different estimates than if an 
account is taken of the diverse management and resource 
situationso 
The 99 whole farm 0D approach permits measurements of ef= 
fects of the project on upland use as well as the effects 
on the flood plaino For example 9 if a more intensive crop 
moves into the flood plain as a result of flood risk reduc-
tion7 the vD flood plain only 00 approach may over estimate the 
90 benefi ts Do by failing to subtract the reduced net returns 
on the upland from the increased net returns on thebottom-
lando Such an adjustment is made by the methodology used 
in this studyo In addition, the 0Dwhole farmD' approach re= 
moves the deficiencies associated with the 0Dwhole water-
shed 00 approach by taking into account the diverse resource 
situations of individual firms which make up the watershedo 
6Timmons, Po 1172. 
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Specific Objectives and Plan of Study 
The first objective was to estimate the changes in 
land use and in net returns, and the components of income 
changes (ioe., that due to changed land use and that due to 
reduced flood damage) for typical farm resource situations 
as the intensity of flood protection increasedo The fol-
lowing levels of flood protection were used in the study: 
(1) present condition (no flood control), (2) land treat-
ment only, and land treatment with,(3) ten structures, (4) 
twenty structures, (5) thirty-six structures, and (6) com-
plete flood protectiono 
The second objective was to estimate the changes in 
resource requirements, land use, and net returns for 
0' typical u farm resource situations at the following levels 
of irrigation: (1) none, (2) enough water to irrigate the 
cotton allotment, (3) an intermediate level of irrigation 
water between levels (2) and (4), and (4) enough irrigation 
water to irrigate all the bottomlando 
The third objective was to estimate the storage water 
available for irrigation in sediment pools of the struc-
tures and the cost to farmers for developing additional 
storage for irrigation from ten structures judged to be the 
most suitable for this purposeo 
In Chapter II, a conceptual model of the effects of a 
small watershed project in terms of flood control andirri= 
gation is presented, and the empirical methods are describedo 
11 
Chapter III contains results of the flood control phase, 
and Chapter IV contains results of the irrigation phase of 
the study. The summary and conclusions are presented in 
Chapter V. 
CHAPTER II 
THEORETICAL MODELS AND EMPIRICAL METHODS 
.The purpose of this chapter is to (1) present a con-
ceptual model of the effects of a small watershed project 
on the agriculture within a watershed and (2) describe the 
empirical methods used for quantifying the relevant vari= 
ables of the model and for estimating the economic impact 
of the proposed project. 
Preliminary Assumptions and Definitions 
The watershed is so small that the entire analysismay 
be made within the framework of the assumptions of pure 
competition. That is, the aggregate of all the firms in 
the watershed faces perfectly elastic supply and demand 
curveso The products (cotton, wheat, small grains, beef~ 
etc.) are homogeneous with the products of large areas 7 and 
the watershed neither buys enough of the production fae= 
tors, nor sells enough product,s to affect prices paid or 
received • 
. The method of analysis is that of comparative statics, 
which has been defined by Samuelson as follows: 
12 
This in brief is the method of comparative 
statics, meaning by this the investigation of 
changes in a system from one position of equi-
librium to another without regard to the tran-
sitional process involved in the adjustment.l 
13 
In this study , an initial static position is assumed and 
defined; the disturbance is introduced, and after adjust-
ment is fully reached, a new equilibrium position is 
achieved. The difference between the magnitudes of the 
relevant variables in the two positions is used as a meas-
ure of the effects of the disturbance. 
Equilibrium 
There are a variety of notions of kinds of equilib-
rium: stationary, stable, unstable, dynamic, etc. The 
definition of equilibrium as used in static analysis 
••• indicates a set of prices and quantities, etc., 
i. e., solutions with regard to the dependent 
variables of the system, which if once realized, 
have no tendency to disappear as long as the sys-
tem is not influenced by changes in data.2 
Marshall writes concerning stable equilibrium: '° Such an 
equilibrium , is stable 9 that is, the price, if displac ed a 
little from it, will tend to return, as a pendulum oscil-
lates about its lowest point. 11 3 Boulding asserts that 00 a 
1Paul Samuelson , Foundations of Economic Analysis, 
(Cambridge , 1948), p. 8. 
2F. Zeuthen , Economic Theory and Method, (Cambridge, 
1955), P• 33° 
3Alfred Marshall, Principles of Economics, (8th ed. , 
London, 1959), p. 287. 
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firm is in equilibrium when there is no opportunity to act 
so as to increase its profits, and no incentive to act so 
as to lower them. 04 Samuelson points out that 
In cases where the equilibrium values of our vari-
ables can be regarded as the solution of an extremum. 
(maximum or minimum) problem, it is often possible 
regardless of the number of variables involved to 
determine unambiguously the qualitative behavior of 
one solution values in respect to changes in 
parameters.5 
In this study, equilibrium. of the firm is used in the 
sense of the above quotations from Boulding and Samuelsono 
The firm is in such a position that it cannot act to in-
crease its profits, has no incentive to lower them, and 
this position coincides with the solution of an extremum 
(maximum profit) problem. 
An Economic Kodel 
There are various definitions of an economic model 
depending on the method of analysis and the particular aims 
of the economisto For examplej according to JoanRobinson: 
The model consists in a highly simplified mental 
picture, exhibiting the behavior of people in a 
social and physical environment, which eliminates 
what is inessential to the problem in hagd so as 
to focus attention on what is essential. 
4Kenneth Eo Boulding, Economic Analysis, (3rd edo 9 
New Yorkj 1955)~ Po 287a 
5samuelson~ p. 8·o 
6Joan Robinson, Exercises in Economic Analysis, 
(London, 1960), Po xvi. 
The econometric definition is more concise: 
In Econometrics one views economic life as explain-
able by a set of mathematical equations. These 
equations express the relationships among economic 
magnitudes which guide economic behavior. A model, 
then, is a complete system of mathematical equa-
tions, and the system may be as broad or as narrow 
as the problems being studied.7 
In this study, a model is viewed as a somewhat sim-
15 
plified set of relationships which helps to explain eco-
nomic phenomena for purposes of verbal exposition, and as 
a set of mathematical equations for purposes of an alge-
braical statemento 
In the sense that a model is composed of a set of 
mathematical equations, which may be as narrow or as broad 
as the problem under consideration, it is well to note that 
the variables connected by the equations may be either (1) 
endogenous or (2) exogenouso Whether or not variables are 
viewed as endogenous or exogenous depends on the scope of 
the problem under investigation: 
Endogenous variables are those explained by the 
model 9 exogenous ~ariables are not explained by 
the model, but rather are determined by some 
forces outside the scope of the modelo How com-
prehensive or broad the model is depends on how 
many economic variables one wishes to include in 
the category of endogenous variables. The more 
variables that are endogenous to the model--the 
more variables that are explained by the model--
the greater is the scope or inclusiveness of the 
model.a 
?Michael Jo Brennan, Jr., Preface to Econometrics, 
(Cincinnati, 1960), p. 10. 
8 rbid., p. 204. 
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For example, if we select an individual farm as the unit of 
analysis, we may consider the degree of flood protection as 
exogenous to the model, whereas if we select the entire 
watershed as the:unit of analysis we may count the degree 
of flood protection as determined by the watershed model, 
or that is, as an endogenous variable. 
Parameters are the constants of a system of equations. 
As long as the parameters do not change, the equilibrium 
values of the variables in the system remain the sameo In 
this study, this conception of parameters is applied to 
production functions in building the general model for an 
analysis of the effects of changing the levels of flood 
protection and irrigationo At any one level of flood pro-
tection, the coefficient relating flood plain land as an 
input to the output of some commodity is a parameter which 
depends on an exogenous variable (the level of flood pro-
tection) for its valueo Generally~ it is by introducing a 
change in at least one parameter that displacement of equi-
librium of a model is achievedo In this study, a change in 
equilibrium is accomplished by changing the level of flood 
protection or the level of irrigation, as the case may be. 
The Firm in Equilibrium--A General Model 
As pointed out in Chapter I, the appropriate unit of 
analysis is taken to be the individual farm firm instead of 
the entire watershed or the flood plain land only. Before 
isolating the variables which are relevant in assessing the 
17 
impact of flood control and irrigation on the watershed, it 
will be helpful t9 state the framework of the equilibrium 
of the firm in general mathematical notation. 
Let us suppose that a watershed firm (farm) is ini-




There is a price for each product and for each re-
source, which under assumptions of pure competition are 
fixed to the firms. The assumed objective of the firm is 
to maximize its profit function: 
For the ith product, there are n partial derivatives 
equated to zero: 
~Y. 
1 ax = o, .•• , 
il 
If them functions could be quantified, the Xij magnitudes 
which coincide with the equilibrium of the firm at maximum 
profit could be found by solving them sets of partial 
derivatives, each equated to zero. 
If the firm is in equilibrium: 
o e o = 
~y 
m 




That is for any product, the ratio of the marginal 
value product of any resource service to its price is 
equal to the ratio of the marginal value product of any 
other resource used by the firm to its priceo 
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Associated with each Xj in the above system of pro-
duction functions~ there is a parameter cx.ij which is the 
coefficient relating the particular Xj to the ith product, 
Y. o A change in one or more of the ex. •. ; s will displace the 
1 1J 
equilibrium of the entire systemo 
Assume that one of the X. 9 s is the service from flood 
J 
plain land 9 say x1 , and that the cx.i1 •s are the parameters 
or coefficients relating x1 to the various Yi 1 so The firm 
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is initially in equilibrium. Now, if the level of flood 
protection is an exogenous variable which, when raised to 
another level, causes a rise in the productivity of the 
flood plain land, then the oci1 1 s are all changed to a 
greater magnitudeo The changes in these parameters set off 
a chain of adjustments which culminates in a new equilib= 
rium position for the firm. 
After the disturbance~ ioe., an increase in the level 
of flood protection, the ratios of the 
become greater than any other 
oY. 
___1._p 
ax .. Yi 1J 
therefore, in general, the services of flood plain land 
will be used more intensively until the equality of the 
ratios is again establishedG If there is a limitation on 
resource use~ such as acreage restrictions~ the serviceso! 
flood plain land will be substituted for the services of 
other resources until the firm is in equilibriume9 This 
may result in more intensive use of flood plain land 
9cfo Sune Carlson, A Study .2E: the Pure Theory of Pro= 
duction, (New York, 1956J, pp. 69-700 
)l 
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accompanied by less intensive use of upland. But if there 
are no such restrictions on resources (or products) the 
firm may simply expand its total output by applying more 
non-land inputs to the flood plain land while its use of 
upland remains the same. 
Graphical Representation of Flood Control Model 
Resource development has been defined as investment 
for increasing the economic supply of landolO Examples of 
resource development as applied to agricultural land in-
clude investments in flood control and irrigationo Here, 
an increase in the economic supply of land refers to an in-
crease in its productivity, where land is thought of as 
consisting of two components: its natural attributes and 
man made amendments theretoo The effect of flood protec-
tion on flood plain land use may be shown graphically@ 11 
Let the Y axis of Figure 1 represent units of output of a 
particular crop and the X axis represent a composite of all 
non-land inputs on flood plain lando AB is the production 
function before flood protection and A 1 B1 is the function 
10w .. B .. Back~ 09 Some Distributional Effects of Programs 
of Resource Development and Conservation of Agricultural 
Land,u Oklahoma Agricultural Experiment Station, (Mimeoo, 
1961)~ p .. 5 .. 
11This graph is taken from the above cited manuscript 
by W .. B .. Back, who adapted it from the theory of the firm 
as presented by J .. R .. Hicks, Value and Capital, (London, 
194-6), Ch .. VI .. 
·. Output. Y . 
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after proteetiono The line.s PK and l?°K 0 represent the 
ratio of prices of inputs to prices of output,, Maximum re= 
turns w·land initially is obtained by applying ON units 
of nun-land factors determined by dropping a perpendicular 
'>,,,\'\. 
from the poin.t of tangency of PK with the curve AB to the 
X axis., The distance OK represents the returns to land and 
MK the returns to non=land factors before flood prevention 
structures are installedo Corresponding elements in the 
new equilibrium after flood protection are the new produc= 
tion ·function A6 BO and the new price line P°K 0 a Use o.t Itgn=land 
factors increase from ON to ON°,, Returns above cost of 
non-land factors increase from OK to OK 0 ~ or by the incre= 
ment KKv o 
This illustration demonstrates the principal effects 
,f increasing flood protection on flood-risk land with no 
change in land use~ (1) a shift upward in the production 
function~ (2) an increase in returns to land (or in the 
economic supply of land) and (3) an increase in intensity 
of use of non=land factors of production per acre of flood 
plain lando 12 
Levels of Flood Protection 
Figure 2 is an extension o:JFigure l to illustrate 
12While (3) is probably the usual case~ it is not 
necessarily so,, Whether ON° ) ON depends on the relative 
production elasticities of the two curves tracing out the 
respective productive relationships of non=land inputs to 
land at the two equilibrium positionso 
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six levels of flood protection. Y is output from any par-
ticular crop which can be produced on flood plain land. 
The production relationship curves A1B1 ••• A6B6 are drawn 
progressively closer together to illustrate the hypothesis 
that diminishing returns can be expected at increasing lev-
els of flood control intensity. This is also reflected in 
the decreasing increments to returns to land, (OK2 - OK1) ) 
(OK3 - OK2) ooo etc. ON1 is the magnitude of non-land in-
puts at the initial equilibrium and the successively larger 
values of ON at progressively higher equilibrium values il-
lustrate the opportunity for intensifying the use of a 
given acreage of land as flood risk is reduced. This will 
also result in increased total returns to the non-land com-
ponents of the production factors. An increase in the 
technical efficiency of a fixed factor (flood plain landin 
this ease) can be expected to cause the output of non-
fixed factors to rise: 
An increase in the technical efficiency of a vari-
able productive service means an increase in its 
marginal productivity and a decrease in its cost= 
productivity ratioo 000000 When it is a fixed 
service that has increased or decreased in effi-
ciency the result will be very much the same. A 
more efficient plant will cause the output of a 
variable service to rise, which i'or a given volume 
of production means a lower total cost and an in= 
creased rate of return. It will also -- at least 
for a certain range of outputs -- cause the marginal 
productivity of the variable services to increase.13 
13carlson, pp. 69-700 
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While the foregoing discussion was made by holding Y 
constant as returns from a particular crop, we can conclude 
that similar results will be experienced for any crop, and 
that there are differences between crops as to the magni-
tude of increases in the OK values, and the opportunities 
to intensify use of lando This is precisely what stimu-
lates the shifting of land use within the farm in order to 
reach equilibrium at different levels of flood protectiono 
Effects of Flood Protection 
With the foregoing general analysis of a watershed 
firm in equilibrium, the probable effects of flood protec-
tion can be isolated and discussed more specifically. 
Assuming that initially the use of the flood plain 
land remains the same, the first effect of floodprotection 
will be to raise the output per unit of input. This will 
raise the net returns to the farmer to the extent that the 
crops presently occupying the land are being damagedo This 
is because a greater total revenue is obtained from the in= 
creased output with no extra cost to the farmero 
A second effect can be isolated by reflecting that the 
reduction in flood risk not only raises flood plain produc-
tivity for the crops presently being planted on the flood 
plain, but also for all other crops that might be planted 
on flood plain land. It is likely that cash crops, or 
those crops upon which the farmer depends the most for his 
income, have not been planted on land subject to high flood 
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risk, even though this land is more fertile than the up-
lands of the watershedo The percent increase in produc-
tivity of flood plain land will vary among the crops. The 
absolute potential increases in net returns from the higher 
value crops as measured in dollars may be much greater than 
corresponding increases in net returns from the lowervalue 
crops. This is because flooding tends to destroy similar 
proportions of the physical outputs of different crops on 
an acre basis. Since the dollar values of these propor-
tions destroyed vary considerably as between high and low 
value crops, reduction in flood risk may increase the po-
tential net returns much more for a high than for a low 
value crop. This difference in effects of flood protection 
among crops creates an imbalance in optimum use of the var-
ious classes of land making up the farm unit when protec-
tion is introduced. The effect of flood protection spreads 
to the other lands as the farm operator substitutes more 
intensive crops from the uplands to the flood plainj and 
replaces these crops on the uplands with less intensive· 
crops. This substitution will end when the ratios of the 
marginal value products of each of the resources to their 
respective prices again become equal and a new equilibrium 
position is thus attainedo 
As has been pointed out above, it is not necessary 
that such substitution between different intensities of 
crops on upland and flood plain actually take place. As 
an alternative, the farmer might increase his acreages of 
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intensive crops on flood plain land without reducing the 
intensive use of upland. But there are two limitations to 
this alternativeo In the first place, acreage restrictions 
on more valuable crops will prevent expanding total acre-
ages of these crops, and the substitution of less intensive 
crops on upland will necessarily follow if an intensive 
crop is moved to the flood plain. And, secondly, restric-
tions in the supply of labor or capital may also prevent a 
straight forward expansion of intensive crops on flood 
plain without a reduction in the intensity of use of 
upland. 
For example, acreage allotments may have different ef-
fects on the changes in land use on two different farms. 14 
Suppose a small farm has a cotton acreage allotment large 
enough to be an important source of incomeo Prior to 
flood protection, a part of the allotment is planted on 
upland because there is insufficient other bottom free from 
flood risk. If flood protection causes cotton to be more 
profitable on flood plain than on upland, and at the same 
time the increase in net returns on flood plain for cotton 
is greater than the increases from any alternative crop, 
cotton will be shifted to the flood plaino The vacated up-
land acres will then be occupied with less intensive crops 
simply because there is no other alternative. Expansion in 
14while it is true that acreage allotments present a 
special case, their influence is rather important on 
Boggy Creek and many other watersheds. 
cotton acreage cannot take place because of the acreage 
restrictionso 
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On the other hand, if a large farm has a relatively 
small acreage allotment and there is sufficient bottom-
land free from flood risk for this allotted acreage, there 
may be little or no change in land use following flood 
protectiono 
Irrigation Effects on Land Use and Organization 
The analysis of the effects of irrigation on land use~ 
net returnsj and farm organization is the same in principle 
as the effects of flood protectiono The firm is assumed 
to be initially in a state of equilibrium~ and the intro-
duction of water storage for irrigation purposes affects 
the parameters of the production functions of all crops 
which can be produced on the irrigable land of the farmo 
Shifts in the allocation of resource services can be ex= 
pected to take place until a new equilibrium is achievedo 
There are some conceptual differences in the irriga-
tion model as compared with flood control. These differ= 
ences have to do with the parameters 9 variables, and number 
of equations involved~ as well as the working out of the 
process of reaching a new equilibrium~ If it is assumed 
that the farm firm irrigates from the water impounded in 
the sediment pools only 1 the assumption that the disturb= 
ance factor is a variable exogenous to the firm can be re= 
tainedo But this does not hold if the farmer enters a 
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cost sharing agreement with the government to add incre-
ments to a dam for the purpose of storing more water. This, 
to the firm, is an internal decision and is in this sense 
an endogenous factor. However, this decision probably only 
amounts to a "yes" or "no," as the restrictions of engi-
nearing and other physical limitations probably hold the 
amount of additional storage water within a narrow range. 
Assume the farm firm is initially in equilibrium with 
m production possibilities employing n resources~ If Xn+l 
is irrigation water made available by watershed develop-
ment, there will be a parameter a .. 1 associated with the in+ 
resource Xn+l' which relates irrigation water to the ith 
commodity. Thus, the addition of ~+l to the set of Xj's 
disturbs equilibrium, not merely by changing a parameter 
as in the ease of flood plain land, but also by the intro-
duction of a new variable. In turn, this doubles the num-
ber of equations representing the production possibilities 
open to the firm. This is because it is theoretically pos-
sible to irrigate each crop, or not to irrigate. There-
fore, for each Yi there is a set of X.j's and aij's associ-
ated with dryland production, and another set associated 
with irrigation. 
The farmer will tend to restore equilibrium by using 
the services of each resource such that the ratio of the 
marginal value product of each resource to its price is 
equal to all other such ratios of resources employed. That 
is, even if enough irrigation water is physically available 
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to irrigate all the farm, there is no need to assume that 
all (or any) crops will be irrigated. The increased costs 
associated with irrigation may be greater in some (or all) 
cases than the increased returns. 
For each crop, a decision on whether to irrigate must 
be made. This is in contrast to flood protection which 
would result in an increase in net returns without a change 
from current land uses and production practices. Once a 
farm firm has decided to irrigate, the adjustments are 
likely to be of much greater magnitude than in flood pro-
tection. In addition to the investment for increasing the 
economic supply of land by paying for the additional water 
storage, a large outlay for capital is necessary in order 
to use the water. 
Basically, there are two choices of irrigation sys-
tems in the area: flood irrigation, and sprinkler. In the 
case of flood irrigation, a rather large initial outlay for 
land leveling is often necessary. This investment in land 
leveling could be placed in the category with investment in 
water storage and considered as investment for increasing 
the economic supply of land. On the other hand, sprinkler 
systems require heavy outlays for pumps, pipe and sprin-
klers which must be depreciated .out over a relatively few 
years. 
·Labor requirements are increased considerably, as well 
as other non-land inputs such as seed, fertilizer, insec-
ticides, and additional wear and tear on tractors and other 
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machinery (due to more intensive seed-bed preparation and 
cultivation). Also, a higher level of management is 
requiredo 
The higher valued crops on irrigable land will tend 
to receive most of the entrepreneur's efforts and atten-
tion, and the non-irrigable lands may shift to even less 
intensive farming. In a watershed, such as Boggy Creek, 
where some of the higher value crops,such as cotton and 
wheat, are restricted by acreage allotments, opportunities 
to take advantage of the irrigation potential will differ 
sharply between farms possessing different sizes of allot-
ment as well as amounts of irrigable land. 
Marginal Analysis and Linear Programming 
Basically, there is no essential difference in prin-
ciple between the analysis of the more traditional econom-
ics of marginal concepts, with continuous production func-
tions and cost curves, and the more recent linear econom-
ics. When applied to a single firm, both methods may 
assume profit maximization as a guiding principle. 
The major difficulty in the use of conventional mar-
ginal analysis in estimating effects of watershed develop-
ment is the problem of obtaining the data for this kind of 
analysis. If certain simplifying assumptions of linear 
relationships between the input-output variables over rel= 
evant ranges can be accepted, linear programming is an op-
erational technique. Linear relationships can be estimated 
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from average input-output coefficients. A maximizing (or 
minimizing) goal can be assumed for solving a set of linear 
equations simultaneously. 
The transition from the marginal analysis to linear 
economics only requires a new way of looking at the same 
set of relationshipso It simply involves a change from the 
infinite to the finite. Emphasis now is upon a production 
process i'nstead of the production function. A process can 
be loosely defined simply as a way of doing something to 
achieve an objective. In production, it is a means of pro-
ducing by holding all factors of production in constant 
proportion, allowing the output to vary only with the lev-
el of the activity. 
In a graph depicting a process with only two inputs, 
a straight line extending from the origin to infinity would 
represent a process. Each time the proportions of the in-
puts are changed, another straight line process is gener-
ated. These are called rays or vectors (Figure 3). The 
optimum is achieved by selecting those processes which 
yield the greatest profit within the restraints of the 
available resources. 
In applying linear programming to the model of the in-
dividual watershed firm, the input-output relationships of 
the various crop and livestock enterprises constitute the 
vectors. These can be physically specified and prices 
applied, thus making the analysis operational. 
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o x2 
Figure 3. Exp.Illples of Vectors 
34 
Empirical Procedure 
The Construction of the Budgets 
The basic budgets require input and output estimates 
of enterprises at some particular "benchmark" situation. 
The basic budgets for both the flood control and the irri-
gation phases of the study are defined as the set of rela-
tionships which would exist if there was no danger from 
flooding. 
Data for developing the budgets were obtained prima-
rily from three main sources: (l) A sample of farms in the 
watershed, (2) agricultural scientists at the following 
places: Oklahoma State University Experiment Station,. 
State Extension Service personnel, agricultural workers of 
the Extension Service, Farmers Rome Administration, and.Soil 
Conservation Service in eight counties along the Washita 
River, and (3) the Soil Conservation Planning Party for 
watershed projects located at Chickasha, Oklahoma. 
The data from the sample of watershed farms provided 
the basic information for constructing the budgets, but 
many details,such as prices, costs, techniques, and yields, 
were modified and supplemented from the other sources 
mentioned above. 
Price and cost data were based on approximate current 
prices and costs for inputs (Appendix Tables I-IV). Costs 
of machinery included oil, grease, lubrication, repairs, 
and depreciation due to use~ The inclusion of depreciation 
as a variable cost waJ on the a$sumpt'ion that machinery 
would wear out before it became obsolete~ 
35 
The basic budgets are on a unit basis (AppendixTables 
XI-XXVlII)., For example , in the case of ·0crop budgets,. the 
unit is an acre of land; in a cow-calf program., the unit is 
a beef cow and in a feeder ep.eration, the unit is a steer. 
Budgets specify the physical relationships-of inputs to 
outputs, apply prices to quantities, and show the net re-
turns per unito 
Land Resources 
.lulowledge .ot land resources available to the,.firm·was 
obtained by developing four typi·ca.l .tarms po represent the 
w.ate·rshedo All ero.pland wae made available .. for the u-ses 
ta 'the· linear progr~ing matrix, ·that is, no p~ovision 
was aade for the la,nd tFeatment -measures pre-supposed ·by 
the ,.Soil Conservation Service such as hay or pasture ·rota-
tions o However, the uses programmed did not preclude cer-
tain treatment m.~asures,sueh as contour tarilling 7 terracing, 
subsoiling, grassed waterways') eteo 
Selection and Description of the Processes 
Although it is true that the eoneeptµ.al numb-er of 
.. farming possibiliti.es, dt' pro:cesses, may be infJ.-nite in a 
:given watershed, from. a praeti.cal standpoint, .it "'is only 
necessary to consider a relat.ively .few alternativeso The 
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criterion used in this study was to select only those en-
terprises currently active on Boggy Creek. 
Cropping Alternatives. The watershed is essentially 
a cash crop area with wheat the leader, followed bycotton, 
barley, grain sorghum, alfalfa and a small acreage of other 
small grains and miscellaneous cropso Some hay and sor-
ghum forage are also grown to support the livestock enter-
prises. 
The basic budgets for the cropping alternatives are 
in Appendix Tables XI-XXII. These include wheat, cotton, 
alfalfa, grain sorghum, barley, oats, forage sorghum, 
small grain hay, sudan grass, Johnson grass, small grain 
pasture, and re-seeding upland pasture. Alfalfa is con-
sidered a cash cropo The programming model gives farmers 
the alternative of producing or buying hay for their beef 
cattle enterprises~ 
Since the objective of the study was to measure the 
effects of different levels of flood protection under av-
erage technology, 15 and not to determine optimum levels of 
production, it was only necessary to program one method of 
l5Average technology is here defined as an average of 
the level of management and input-output relationships ex-
perienced by farmers in the Washita River basin. These av-
erage practices and input-output relationships were assumed 
in constructing the budgets. They were primarily based on 
a 1960 survey of agricultural workers in eight Washita 
River Basin counties, but were supplemented by data from 
other studies by the Agricultural Economics Department at 
Oklahoma State University. 
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production (or process) for each cropo 
Livest~ck Alternativeso Two cow-ealf enterprises and 
four steer~nterprises were used in the an.alyseso Oneeow-
calf enterprise (Appendix Table XXIII) provided for fall 
calving and selling good-choice feeder ca.lves in Juneo The 
other cow-calf enterprise (Appendix Table XXIV) was spring 
calving 4d selling good-choice feeder calves in the fallo 
i 
The 1 feeder-cattle enterpri~es. (Appendix Tables X:X:V-
XXVIII) W'ere all fa,11 buy'J with selli~g dates :ranging from 
·,,:. . 
Mlll'ch tq\ October the following_yearo The cattle en"tter<= 
prises li&re selected to provide opportUllities to use all 
the vari'<:>us pasture and forage crops ill/ the· programming 
l ... ,; ana Y·S1So 
\ 
In additio.D,. to the crop and livestock alterna-
tive~, transfer activities for hiring labor~ buying hay., 
ano. bqrrowing capital were. buil.t into the model .. 
Procedure for ~E?tin;iati1,;1.g ];:quilibr;i.u:m PQsi tiq~s ·· 
T·he estimates of changes in net returns for computing 
the different equilibrium posi·tions of the flood. proteet-
tio~ phase of· the study were obtained by applying average 
damage facto~s to the basic budgets (Appendix Tables VI= 
VII) o The estimates of changes in net returns for computing 
the different equilibrium positions of the . .irrig~tion· . . · 
phase of the study were ·obtained · by preparing a set· of . . .· 
budgets for irrigated· c·rops (Appendix Tables xxx:1...;xxx:rv). · 
linear equations, and allowed to compete with dry land 
budgets for use of bottomlando 
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The water added a new resource to the matrixo This 
resource served as a parameter for any equilibrium posi-
tion at a given level of watero Equilibrium was disturbed 
by changing the water level, or that is, by changing a pa-
rameter as under the flood control phaseo 
For the flood control phase, the problem was to deter-
mine the optimum allocation of the limited resources in the 
Boggy Creek watershed at varying levels of economic reor-
ganization due to the impact of a flood control projecto 
The Soil Conservation Service personnel actually only 
planned one level (36 structures), but by additional com-
putations, they provided data for two other levels of flood 
protection at 10 and 20 structures (as well as acre feet 
and costs for adding irrigation storage to 10 structures)o 
When present condition (no flood protection),Jand treat-
ment, and complete protection were added, there was a total 
of six levelso A program was required for each farm at 
each levelo Since there were four farm types, there were 
24 programs for the flood control phaseo 
In the irrigation phase, four levels of irrigation 
under "no flooding" was selected as the benchmark situa-
tiono There were 12 programs in addition to the flood 
control phase, for a total of 36 programso 
This chapter has been devoted to the development of 
conceptual models and a brief account of the nature of the 
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empirical metnods devised to accomplish the purposes of 
the study. The following two chapters will contain the 
empirical procedure in more detail and the results of the 
analysis of flood control and irrigation. 
CHAPTER III 
POTENTIAL FARMING ADJUSTMENTS AND INCOME 
ASSOCIATED WITH DIFFERENT LEVELS 
OF FLOOD PROTECTION 
The purpose of this chapter is to describe in more 
detail the methodology, and to present the results of the 
flood control phase of the studyo The results presented 
emphasize land uses and incomes on selected individual 
farms for varying degrees of flood protection, and the 
changes in farm income attributable to (a) reductions of 
damages to crops and (b) changes in land use. 
Defining the Typical Farms 
Information relating to land resources, machinery~ 
livestock, and crop enterprises as needed for making the 
analysis was obtained from a sample of the farms in the 
watershed with flood plain lando Since it seemed logical 
that the impact of flood control on an individual farmer's 
adjustment would be affected by the relative amounts of 
bottomland and upland on his farm, the 26 farms were di-
vided into four classes on the basis of bottomland and up-







120 acres or less More than 120 acres 
More than 
240 acres 
I (7 farms) 
II (7 farms) 
III (6 farms) 
IV (6 farms) 
Four 19 typical farms II were then obtained by using the 
averages of land resources for each of the four classes 
(Table I)o Aggregation totals for the watershed may be 
made by using the formula: 
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of a characteristic 
typical farm 
on the 
the fraction that the ith farm type 
its class') and 
the fraction which the sample of 26 




Since the degree of confidence in such an aggregation de-
pends on the degree of homogeneity of resource attributes 
within classes~ and since more than four 01 typica1u farms 
may be necessary for any great confidence in the aggre-
gates for the watershed, the aggregation in this study is 
mainly for the purpose of demonstrating the method as a 
possible procedure in watershed evaluationo One way to 
insure a higher degree of homogeneity within classes would 
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TABLE I 
LAND RESOURCES OF TYPICAL FARMS, BOGC;;Y CREEK, (ACRES) 
Item !arm I Farm II Farm III Farm IV 
Cropland, Total 125 lSJ 275 475 
Flood Plain 33 40 113 110 
Other Bottomland 25 31 85 83 
Upland 67 282 77 282 
Other Land,. Total 47 208 69 267 
Rangeland 40 180 52 23() 
Other a 7 28 17 37 
Total Acres in 
Farms Represented 172 561 344 742 
Number of Farms in 
Watershed 17 17 15 15 
a _ Farmstead, roads, wasteland, etc. 
be to increase the number of "typical" farms. 
Developing the Damage Factors 
The Soil Conservation Service supplied data for de-
veloping damage factors by crops and depth of flooding, 
and by "flood routings." 1 
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The average annual damage was calculated by assuming 
that the entire flood plain was planted to a particular 
crop, and by applying the damage factors to an acre in the 
flood plain assumed to be subject to average flooding haz-
ards (sometimes called a "floating" acre) (Appendix Table 
VI). This was repeated for each of the crops used in the 
analysis. This gross damage factor was corrected by a 
formula developed by the Soil Conservation Service which 
allows some crop recovery between floods. 2 
~ore explicitly, the annual damage factor, Da' for a 
particular crop A is: 
L Nh h' 
= Y[xl E E l Ph .. x ..... ·.] 
h=l i=l J=l iJ-ll1J .. 
1A flood routing is an estimate of acres flooded by 
floods and by depths over a period of timeo In this study, 
the period was the 20 years of 1938-1957• Implicit in the 
study was the assumption that flooding during this period 
was representative of what might be expected in any other 
20 year period and that the results thus have predictive 
validityo 
2soil Conservation Service, Economics Guide For Water= 
shed Protection and Flood Prevention (Washington,-,;:c., 
1958), Chap~ P:-28. 
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where 
y = 1 is the correction factor 07706 + .23s7z 
used by the Soil Conservation Service to 
allow for recovery of crops between floods, 
Z = X divided by the sum of the areas flooded by 
the largest flood each year in the period, 
L = Number of years in period, 
N = Number of floods in period, 
X = Total number of acres flooded in period, 
P = Percent of acres of crops destroyed 
and the subscripts hj i, and j refer to year, flood~ and 
depth of flood 1 respectivel;yo 
The damage factors were used to calculate net returns 
at the different levels of flooding by applying them to 
the budgets for crops on bottomland without flooding (Ap-
pe~dix Table VII)o The budgets for crops on bottomla.n.d 
(without flooding) and on upland are in Appendix Tables 
XI-XXIIo 
Programming Procedure 
Linear programming was used to calculate optimum re-
source allocations and net returns from each of the four 
typical farms at the following levels of flood protection: 
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(1) present condition, (2) land treatment only; and land 
treatment with (3) 10 structures, (4) 20 structures, (5) 
36 structures, and (6) no floodingo 
The structures for levels 3 and 4 were judged to be 
the first 10 and the first 20 most effective for floodpro-
tection. The 36 structures of level 5 were the total struc-
tures planned for the project. The 6th level of uno 
flooding" programmed from the vvbasic budgets" is a hypo-
thetical ' 0 complete protection 09 level of flood controlo 
-The "bencbmark 10 situation, or present condition, was 
defined as the programmed average net incomes of farmers 
and the allocations of their resources when subjected to 
the hazards of flooding without any protection. The as-
sumption underlying this definition is that the farmer 
will act as if each year 9 s outcome with respect to flood 
risk is equally likely. Adjustments from the present in-
dividual farm resource uses that would be profitable with-
out flood protection are excluded as effects of flood pro-
tection. Whether any of these adjustments could be at-
tributed to flood protection is discussed in a later 
sectiono 
The enterprises programmed were the principal land 
uses in the watershed at present (Table II). Wheat and 
cotton were restricted to present acreage allotments as 
based on the averages of the farms surveyed. Alfalfa was 
restricted to five-eighths of the bottomland on the assump-
tion that a stand normally cannot be maintained more than 
.TABLE II 
PRESENT USE OF CROPLAND BY FARMS AND BY KINDS OF LAND, BOGGY CREEK (ACRES)a 
Farm I Farm II Farm III Farm IV 
Crop or Bottom- Up- Bottom- Up- Bottom- Up- Bottom- Up-
· Other Use land land ToJ;:al land land Total land land Total land land Total-
Wheat 20 35 55 30 142 172 63 47 110 129 149 278 
Barley 3 7 10 6 46 52 6 11 17 10 70 80 
Cotton 8 5 13 6 34 40 22 3 25 6 8 J4_ 
Grain Sorghum 2 5 7 l 13 14 4 0 4 0 5 ·5 
Alfalfa 6 0 6 14 0 14 12 0 12 2 0 2 
Small Grain 
Grazing 0 0 0 0 10 10 0 0 0 0 0 0 
Cropland Used 
as Pasture 4 0 4 7 0 7 40 0 40 18 0 18 
Other b 15 15 3.0 7 37 44 51 16 67 28 50 78 
Total '58-. 67 125 71 282 353 198 77 275 193 282 475 
8»etermined by averaging the land uses for the farms in each class. 
bincludes forage sorghum, sudan hay, oats hay, Johnson grass hay, rye, cover crops, millet hay, 




about five out of eight yearso 
Conservation reserve or soil bank activities were not 
programmedo Livestock enterprises other than beef were of 
such minor importance in the watershed that they were 
excludedo 
On the basis of the data from the survey, two-plow 
equipment was programmed for the smaller farms (farms I 
and III) j and four-plow equipment for the farms with larger 
acreages (farms II and IV)o 
Interest on operating capital, and on fixed capital 
other than land was charged at an annual rate of 6percento 
Operating capital included annual costs for items such as 
seed, fertilizer, insecticides, and hired laboro Interest 
was charged on operating capital only for that portion of 
the year that such capital was neededo Fixed capital in-
cluded outlays for machinery and equipment, livestock, and 
other items with more than a year of productive lifeo In= 
terest on investment in fixed capital was charged against 
average annual valueo 
The programming procedure allowed hay to either be 
produced or bought, and labor to be hired when requirements 
exceeded the family labor supplyo All crops were assumed 
to be custom harvested with the exception of cotton, which 
was assumed to be one-half custom harvested and one-half 
hand pickedo 
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Results of Programming Analysis 
Land Use 
Cotton, wheat, alfalfa, grain sorghum, small grain 
grazing and barley were the only crops appearing in the 
final programmed solutions for any of the farms (Tables 
III-VI)o The variations of cotton and wheat allotments 
generally account for the differences in land uses among 
the farms. Farm IVi the largest of the farms, had a small 
cotton allotment and a large wheat allotmento Farm II had 
relatively large allotments of both wheat and cotton. 
Of crops other than cotton and wheat, alfalfa was 
predominant on the bottomland for all farms. Before flood 
protection~ grain sorghum, small grain grazing~ and barley 
used some of the flood plain land, but as the flood damage 
was reduced these were replaced by wheatj cotton 1 and 
alfalfao 
With no flood protection~ much of the flood plain land 
was occupied by wheat and alfalfa. Wheat was especially 
dominant on flood plain land for ~arm III (with a small 
amount of upland)j and on Farm IV with the large wheat 
allotment. This was true for all levels of protection. 
Cotton was programmed on flood plain land only as the dan~ 
ger of flooding was removed by more intensive flood pro-
tectiono 
The changes in land use with increase in flood pro-
tection for each of the farms are summarized in Table VIIo 
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TABLE 111 
PROGRAMMED USE OF CROPLAND BY KINDS OF LAND AND LEVEIB OF 
FLOOD PROTECTION, FARM I (ACRES) 
Small 
Level of Protection Grain Grain 
and Kind of Land Cotton Wheat Alfalfa Sorghum Grazing Barley Total 
None 
Flood Plain 0 4 21 0 8 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 3 51 0 13 0 0 67 
Total 13 55 36 13 8 0 125 
Land Treatment Only 
Flood Plain 0 4 21 0 8 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 3 51 0 13 0 0 67 
Total 13 55 36 13 8 0 125 
Ten Structures 
Flood Plain 3 9 21 0 0 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 0 46 0 9 12 0 67 
Total 13 55 36 9 12 0 125 
Twenty Structures 
Flood Plain 3 9 21 0 0 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 0 46 0 9 12 0 67 
Total 13 55 36 9 12 0 125 
Thirty-Six Structures 
Flood Plain 3 9 21 0 0 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 0 46 0 9 12 0 67 
Total 13 55 36 9 12 0 125 
Complete Protection 
Flood Plain 3 9 21 0 0 0 33 
Other Bottom 10 0 15 0 0 0 25 
Upland 0 46 0 9 12 0 67 
Total 13 55 36 9 12 0 125 
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TABLE IV 
PROGRAMMED USE OF CROPLAND BY KINDS OF LAND AND LEVELS OF t :·:-
FIDOD PROTECTION, FARM II {ACRES) 
Small -
Level of Protection Grain Grain 
and Kind of Land Cotton Wheat Alfalfa Sorghum Grazing Barley Total 
None 
Flood Plain 0 0 25 16 0 0 41 
Other Bottom 11 0 19 0 0 0 30 
Upland 29 172 0 0 42 39 282 
Total 40 172 44 16 42 39 353 
Land Treatment Only 
Flood Plain 1 15 25 0 0 0 41 
Other Bottom 11 0 19 0 0 0 30 
Upland 28 157 0 0 46 51 282 
Total 40 172 44 0 46 : 51 353 
Ten Structures 
Flood Plain 5 11 25 0 0 0 41 
Other Bottom 11 0 19 0 0 0 30 
Upland 24 161 0 0 45 52 282 
Total 40 172 44 0 45 52 353 
Twenty Structures 
Flood Plain 7 9 25 0 0 0 41 
Other Bottom 11 0 19 0 0 0 30 
Upland 22 163 0 0 45 52 282 
Total 40 172 44 0 45 52 353: 
Thirty-Six Structures. 
Flood Plain 8 8 25 0 0 0 41 
Other Bottom 11 0 19 0 0 0 30 
Upland 21 164 0 0 45 52 282 
Total 40 172 44 0 45 52 353 
Co~plete Protection 
Flood Plain 16 0 25 0 0 0 41 
Other Bottom 11 0 19 o· 0 0 30 
Upland 13 172 0 63 34 0 282 
Total 40 172 44 63 . 34 0 353 
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TABLE V 
PROGRAMMED USE OF CROPLAND BY KINDS OF LAND AND LEVELS OF 
FLOOD PROTECtION, FARM III (ACRES) 
Small 
Level of Protection Grain Grain 
and Kind of Land Cotton Wheat Alfalfa Sorghum Grazing Barley Total 
None 
Flood Plain 0 25 71 0 17 0 113 
Other Bottom 25 7 53 0 0 0 85 
Upland 0 77 0 0 0 0 77 
Total 25 109 124 0 17 0 275 
Land Treatment Only 
Flood Plain 0 25 71 0 17 0 113 
Other Bottom 25 7 53 0 0 0 85 
Upland 0 77 0 0 0 0 77 
Total 25 109 124 0 17 0 275 
Ten Structures 
Flood ,lain 0 25 71 0 17 o: 113 
Other Bottom 25 7 53 0 0 0 85 
Upland 0 77 0 0 0 0 77 
Total 25 109 124 0 17 0 275 
Twenty Structures 
Flood Plain 0 25 71 0 17 0 113 
Other Bottom 25 7 53:' 0 0 0 85 
Upland 0 77 0 0 0 0 77 
Total 25 109 124 0 17 0 275 
Thirty-Six Structures 
Flood Plain 0 42 71 0 0 0 113 
Other Bottom 25 7 53 0 0 0 85 
Upland 0 53 0 0 24 0 77 
Total 25 102 124 0 24 0 275 
Complete Protection 
Flood Plain 0 42 71 0 0 0 113 
Other Bottom 25 7 53 0 0 0 85 
Upland 0 53 0 0 24 0 77 
Total 25 102 124 0 24 0 275 
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TABLE VI 
PROGRAMMED USE OF CROPLAND BY KINDS OF LAND AND LEVEIS OF 
FIOOD PROTECTION, FARM IV (ACRES) 
d 
Small 
Level of Protection Grain Grain 
and Kind of Land Cotton Wheat Alfalfa Sorghum Grazing Barley Total 
None 
Flood Plain 0 41 69 0 0 0 110 
Other Bottom 14 17 52 0 0 0 83 
Upland 0 220 0 0 60 2 282 
Total 14 278 121 0 60 2 475 
Land Treatment Only 
Flood Plain 0 41 69 0 0 0 110 
·other Bottom 14 17 52 0 0 0 83 
Upland 0 220 0 0 60 2 282 
Total 14 278 121 0 60 2 475 
Ten Structures 
Flood Plain 0 41 69 0 0 0 110 
Other Bottom 14 17 52 0 0 0 83 
Upland ·· 0 220 0 0 60 2 282 
Total 14 278 121 0 60 2 475 
Twenty Structures 
Flood Plain 0 41 69 0 0 0 110 
Other Bottom 14 17 52 0 0 0 83 
Uplanc;l 0 220 0 0 60 2 282 
Total 14 278 121 0 60 2 475 
Thirty-Six Structures 
Flood Plain 0 41 69 0 0 0 110 
Other Bottom 14 17 52 0 0 0 83 
Upland 0 220 0 0 60 2 282 
Total 14 278 :121 0 60 2 475 
Complete Protection 
Flood. Plain 0 41 69 0 0 0 110 
Other Bottom 14 17 52 0 0 0 83 
Upland 0 220 o. 3 59 0 282 
Total 14 278 . 121 3 59 0 475 
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The shifts in land use reflect different pressures from 
wheat and cotton allotments among farms with different 
land resource situations. For example, on Farm II, the 
pressure of the relatively large wheat allotment caused 
wheat to shift to the flood plain land at the "land treat-
ment only" level of protection and a corresponding shift 
out of grain sorghum productiono At the next level of 
protection (10 structures), there was a further change in 
land use on Farm II with cotton replacing some wheat on 
the flood plain. For Farm I, some small grain grazing on 
the flood plain was replaced with wheat and cotton with 
the flood protection of 10 structures, but there were no 
further changes with succeeding levels of protection. 
Cotton continued to move to the flood plain with increases 
in levels of flood protection on Farm II. There were no 
changes in use of the flood plain on Farm III until 36 
structures were installed. At this point, 17 acres of 
wheat moved in from upland to replace the 17 acres of small 
grain grazing which, in turn, moved to the upland. An ad-
ditional seven acres of the wheat allotment on the upland 
was replaced by small grain grazing. This latter change 
reflected a higher productivity of this marginal acreage 
for small grain grazing than for wheat on Farm III. How-
ever, as a practical matter, farmers could be expected to 
plant their wheat acreage allotments in order not to risk 
future reduction in their allotments. Land use on Farm IV 
was not changed at any of the levels of flood protection. 
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In all cases, the increased intensity of flood plain 
land use with flood protection was associated with a de-
crease in the intensity of upland useo For example, as 
cotton replaced wheat on the flood plain, wheat took the 
acreage vacated by cotton on upland. This is simply a re-
allocation of land use by the same crops among classes of 
land. Of course, this might be expected since the two 
major cash crops are fixed by allotmento 
The flood plain land was divided into land subject to 
flooding and land not subject to flooding in order to per= 
mit a determination of changes in uses of these two sub-
classes of land at increasing levels of flood protectiono 
The cumulative change in use of this land to the protec= 
tion provided by 36 structures, by subject and not subject 
to flooding, is presented in Table VIIIo 
For each of the farms~ about one-half of the initial 
flood plain land shifted into the 10not subject to flooding 0 ' 
class at this level of protectione Also, the remaining 
land subject to flooding had less flood risk than initial= 
lyo For Farm I~ cotton and wheat replaced small grain 
grazing with flood protection, but the added cotton occu-
pied the 00 not subject to floodingn flood plain. A similar 
change in use occurred for Farm II; wheat and cotton re-
placed grain sorghum, but the cotton was programmed on the 
land ounot subject to flooding 09 o Alfalfa acreage on flood 
plain land did not change for either of the farms with the 
change in level of flood protection. However, with the 
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TABLE VIII 
PROGRAMMED CHANGE IN USE OF FI.OOD PLAIN LAND FROM 
NO PROTECTION 'ID 36 STRUCTURES, BY SUBJECT 
AND NOT SUBJECT 'ID FIOODING (ACRES) 
Change in Use to 2b Structures 
Total For Land Use, No Flood Subject to Not Subject 
Farm and Crop Protection" Flooding to Flooding 
Farm I 
Cotton 0 +3 0 + 3 
Wheat 4 + 5 + 3 + 2 
Alfalfa 21 0 -11 +11 
Small Grain Grazing 8· , - 8 - 8 0 
Total 33 0 -16 +16 
Farm II 
Cotton 0 + 8 0 + 8 
Wheat 0 + 8 .+ 8 0 
Alfalfa 25 0 -12 + 12 
Grain Sorghum 16 -16 -16 0 
Total 41 0 -20 + 20 
Farm III 
Wheat 25 +17 - 4 + 21 
Alfalfa 71 0 -35 + 35 
Small Grain Grazing 17 -17 -17 0 
Total 113 0 -56 + 56 
Farm IV 
Wheat 41 0 -20 +20 
·Alfalfa 69 0 -34 + 34 
Total 110 0 -54 + 54 
level of protection afforded by 36 structuresj the alfalfa 
acreage divided about equally between the subject and not 
subject to flooding portions of the flood plain for each 
of the farms. 
The programmed land uses of individual farms show 
large acreages of alfalfa on both flood plain and other 
bottomland (Tables III-VI, pp. 49-52). This is the major 
change in land use from the way farmers in the watershed 
presently are using these lands. The price of $23.33 per 
ton may inadequately account for market uncertainty as 
viewed by the farmers. However, the results indicated 
' 
that about the same acreages of alfalfa would be planted 
even if the price dropped to about $19 per ton (assuming 
the other product prices remained the same). Such a drop 
in price would lower net income attributable to flood 
control~ but it would not necessarily affect the uses of 
land. A price of alfalfa below $19~ with other prices re-
maining unchangedj would permit crops such as grain sor-
ghum 1 small grain grazing, and barley to occupy the flood 
plain and other bottomland not used for the wheat and cot= 
ton allotmentso This would result in much lower estimates 
of income attributable to flood control than those obtained 
in this analysis. However, the general relation of income 
to degrees of flood protection would be the same without 
alfalfa as a major use of bottomland. 
Livestock Enterprises 
Except for Farm I, both cow-calf and feeder enter-
prises were programmed for each of the farms (Table IX). 
The cow-calf enterprises were so small that it is not 
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likely that farmers would choose exactly the combinations 
of livestock that were programmed. They probably would 
specialize in either cow-calf herds or in feeder cattle. 
In this case, there would be less income than estimated in 
the programs since these particular combinations represent 
maximum efficiency in the utilization of range and forage 
production under the assumed inputs and outputs of the 
budgets. 
Increasing the levels of flood protection had little 
influence on the numbers of livestock programmed. Farm II 
would reduce livestock and emphasize cash crops if flood 
damage could be completely eliminated. Otherwise, the re-
duction of flooding made little difference in the produc-
tion of grass and forage which, in turn, would have affect-
ed the numbers of livestock. 
The programmed initial livestock numbers compared with 
those actually on farms are as follows: 
Beef Cows 
Steers 
Total Number on 




(Animal Uni ts) (84) 
Number Programmed for the 
Four "Typical II Farms --





LIVESTOCK ENTERPRISES PROGRAMMED BY FARMS AND BY LEVEIS OF FLOOD PROTECTION 
Level of Flood Protection 
Farm and Present Land Ten Twenty Thirty-Six Complete 
Enterprise Unit Condition Treatment Structures Structures Structures Protection 
Farm I 
Feeders a Number 26 26 27 27 27 27 
Farm II b 
Cow-Calf Cow Unitsd 11 11 11 11 11 12 
Feeders C Number 60 65 65 65 65 49 
Farm Ill b 
Cow-Calf. Cow Units d 3 3 3 3 3 l 
Feedersc Number 32 32 32 32 34 34 
Farm IV b 
Cow-Calf Cow Units d 14 14 14 14 14 14 
Feeders C Number 86 86 86 86 86 85 
aAbout half of feeders to be purchased in September, winter on cotton seed cake and hay, sunmer 
graze, sell in July; the other half to be purchased in October, wintered on hay and sold in May. 
bCalving in February, non-creep feeding , sell good to choice feeder calves in September; cows 
wintered on cotton seed cake and hay, summer on range. 
C Buy in October, winter on hay and sell in May. 
d Cow-units are numbers of cows in the herd that also includes a bull to each 25 cows and the 
calves during spring and sunmer. \]1 '° 
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Fewer beef cows, but a greater number of steers, were pro-
grammed than actually were on the farmso When the numbers 
of cattle were converted to animal units, the actual live-
stock population in the watershed was 70 percent of that 
programmed. 
Resource Requirements and Income in Relation 
to Levels of Flood Protection 
Resource requirements and income changes with changes 
in levels of flood protection are summarized in Table X. 
Generally, gross and net income for all farms increased at 
all levels of protection with the largest increment occur-
ring when 10 structures were added to land treatment onlyo 
The v~riation in increments to incomes among farms was di-
rectly associated with the amounts of bottomland per farm 9 
thus, farms III and IV, with the greater amounts of bottom-
land, experienced the greater increases in net income due 
to increases in flood protectiono 
Labor requirements and non-land capital investments 
changed insignificantly for each of the farms with increase 
in flood protection. Neither of the four farms had a labor 
requirement equivalent to an operator year of employment 
of about 2300 hours, and the labor requirement was less 
than half of a man year for Farm I. However, since labor 
required was distributed unevenly over the year, some la-
bor was hired during peak seasons for each of the farms 
(Appendix Table VIII). 
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TABLE X 
PROGRAMMED RESOUltCE REQUIREMENTS AND FARM INCOME BY LEVELS OF 
FLOOD PROTECTION AND BY FARMS 
Level of Protection 
Lartd Thirty- Com-
None Treat- Ten Twenty six plete 
(Present ment Struc- Struc- Struc- Protec-
Farm and Item Condit ions 2 OnlI tures tu res tu res tion 
Farm I 
Labor, hours 820 823 843 842 842 842 
Nonland Capital,dollars 6,063 6, 087 6,241 6,241 6,243 6,243 
Gross Income, , dollars 9,344 9,365 9,959 10,056 10,113 10,325 
Annual Costs, dollars 5,888 5,862 6,258 6,287 6,307 6,369 
Net Income, dollars 3,456 : 3,"504 . ), 701 3,769 3,806 3,956 
Change in Net Income 
From No Protection,dollars 48 245 313 350 500 
From Preceding Level,dollars- 48 197 68 37 150 
Farm II 
Labor, hours 1,637 1,637 1,673 1,687 1,700 1,730 
Nonland Capital, dollars ,. 15,957 15,892 16,581 16,006 16,618 16,624 
Gross Income, dollars 22,093 22,804 23,241 23,397 23,476 21,905 
Annual Costs, dollars 13,533 14,208 14,393 14,459 14,497 12,591 
Net Income, dollars 8,560 8,596 8,848 8,938 8,979 9;314 
Change in Net Income 
From No Protection,dollars 36 288 378 419 754 
From Preceding Level,dollars- 36 252 90 41 335 
Farm III 
Labor, hours 1,682 1,683 1,682 1, 681 1,686 1,683 
Nonland Capital,dollars 10, 865 10,914 10,942 10,940 11, 150 11,150 
Gross Income, dollars 18,690 18,809 19,756 20,075 20,474 21,240 
Annual Costs, dollars 10,389 10,391 10,692 10, 791 11,078 11,304 
Net Income, dollars 8,321 8,418 9, 064 9,284 9, 396 9,900 
Change in Net Income 
From No Protection,dollars 97 743 963 1, 075 1,579 
From Preceding Level,dollars - 97 646 220 112 504 
Farm IV 
Labor, hours 1,750 1,750 1,748 1,748 1,743 1,743 
Nonland Capital,dollars 22,621 22,594 22,416 22,592 22,591 22,462 
Gross Income, dollars 31,909 32,037 33,066 33,327 33,491 34,078 
Annual Costs, dollars 19,245 19,275 19, 645 19,679 19 ,732 19, 827 
Net Income, dollars 12,664 12,763 13,421 13,648 13,759 14,251 
Change in Net Income 
From No Protection,dollars · - 99 757 984 1,095 1,587 
From Preceding Level,dollars- 99 658 227 111 492 
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Net Income Changes by Sources3 
The net farm income increases with changes in degree 
of flood protection arise from two sources: (1) reduction in 
flood water dam.age to crops, and ( 2) reallocation of land uses 
among kinds of land, or changes in land use, with flood pro-
tection. These two sources of income change were estimated 
for the individual farms (Table XI). 
The major contributor to the net income increase for 
each of the farms was reduction in flood water dam.age. 
This component accounted for all the increment in income to 
Farm IV, and almost 90 percent of the increase in farm in-
come to Farm III at the level of protection afforded by 36 
structures. The income increase attributable to change in 
land use was of considerable significance for Farms I and 
II. Farm III experienced no change in land use,or income 
attributable to this source, until protected from flooding 
with 36 structures. The changes in income due to land use 
changes were a net of two effects: (1) the increase in in= 
tensity of flood plain land use') and (2) an.y accompanying 
decrease in intensity of upland use. 
Uncertainty Considerations 
In view of the large acreage of alfalfa programmed for 
flood plain land as compared to that which is actually 
being planted, a hypothesis that uncertainty due to risk 
from flooding is causing the flood plain land to be occupied 
3Net income is returns to land, family labor and 
management. 
TABLE XI 
ESTIMATES OF NET INCOME CHANGE DUE TO REDUCTION IN FLOODWATER DAMAGE TO CROPS AND TO 
CHANGE IN LAND USE, BY FARMS AND BY LEVELS OF FLOOD PROTECTION (DOLLARS) 
Farm and Item 
Farm I 
Cumulative Increase in Net Income 
Increase Due to Flood Damage Reduction 
Increase Due to Change in Land Use 
Farm II 
Cumulative Increase in Net Income 
Increase Due to Flood Damage Reduction 
Increase Due to Change in Land Use 
Farm III 
Cumulative Increase in Net Income 
Increase Due to Flood Damage Reduction 
Increase Due to Change in Land Use 
Farm IV 
Cumulative Increase in Net Income 
Increase Due to Flood Damage Reduction 
Increase Due to Change in Land Use 
Change in Level of Flood Protection from None to: 
Land Treatment Ten Twenty Thirty-Six Complete 
































































by less valuable crops than alfalfa warrants consideration. 
A first step in the consideration of this hypothesis 
is to isolate from all sources of uncertainty only the 
source associated with flood risk. Variability in income 
due to flooding is only one component of the total varia-
tion in income to farmers in the watersheds. It is pos-
sible that variability in farm income due to variability 
in yields independent of flooding (drouth, insects, etc.), 
and to variability in market prices, may be the major 
sources of the uncertainty facing farmers in the watershed. 
However, some assessment of the validity of the hypothesis 
can be made by considering only the flood risk components 
of the uncertaintyo Specifically, if the variation in net 
income from alfalfa due to flood risk is greater than other 
crops competing for the use of flood plain land, then there 
would be support for the hypothesis that alfalfa is not 
planted because of risk from flooding. However, if the 
contrary is true, the hypothesis is open to question. 
Estimates of the net returns by crops and by years 
were made by applying the damage factors to the various 
crops on an annual basis for the 20=year period 1938-1957 
(Appendix.Tables IX and X)o On the basis of variation in 
income due to flooding alone, there appears to be no sup-
port for the hypothesis that alfalfa would not be planted. 
Its coefficient of variation of 23 percent is considerably 
lower than alternative crops~ wheat (coefficient of varia-
tion of 47 percent), cotton (coefficient of variation of 
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36 percent), grain sorghum (coefficient of variation of 27 
percent), oats (coefficient of variation of 50 percent), 
barley (coefficient of variation of 54 percent), and small 
grain hay (coefficient of variation of 32 percent). The 
estimated coefficients of variation of crops with 36struc-
tures for flood protection show a marked decrease over 
those for present flooding conditions. For examples, the 
coefficients of variation were reduced as follows: wheat, 
from 47 percent to 12 percent, cotton, from 36 percent to 
10 percent; alfalfa,from 23 percent to 8 percent 9 grain 
sorghum, from 27 percent to 8 percent; oats, from 50 per-
cent to 12 percent; barley from 54 percent to 13 percent 
and small grain hay, from 32 percent to 9 percent (Appen-
dix Table X). As an additional check on the hypothesis, 
alternative models of game theory were examined as possi-
ble explanations of the reluctance of farmers to produce 
alfalfa until flood risk was removed. None was successful. 
Apparently~ this reluctance is not due to flood risk, per 
se, at all, but to other sources of variation in income 
and/or uncertainty. Some possibilities are uncertainty of 
markets for alfalfa, or risks associated with establishing 
the stand. 
·rmplicati6ns. of .Methodology for Watershed Planning 
As was pointed out in Chapter I, the present method 
of estimating the effects of a flood control project that 
considers only the flood plain land in the aggregate fails 
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to allow for the effects of resource situations of the in-
dividual farmers affected and the effects of the project 
upon use of upland. For examplei the present method of 
estimating benefits accounts for the increase in farm in-
come from more intensive use of flood plain landj but 
fails to account for the change in income associated with 
and accompanying changes in use of uplando The program-
ming results indicated less income would accrue to upland 
as the intensive crops moved to bottomland with flood pro-
tection.4 An example may be seen in Farm II where cotton 
moved from the upland to the bottomland and was replaced 
by wheat on the upland. If the net returns from an acre 
of cotton on the upland is $30.68, and on bottomland 
$56.98, there is a gain of $26G30 per acre from the shift 
of this crop to bottomland; however, if net returns from 
wheat which moved from the bottomland to the upland was 
reduced from $31.45 to $16.85 per acre, there would be a 
net loss of $14060. The algebraical sum of the differences 
showsanet gain from the substitution of $11.70 attribut-
able to flood protection. If flood plain effects alone 
are considered, the benefits would be 56.98-31.45 = 
$25.53. The difference between $25.53 and $11.70 of $13.83 
4This may be a generally expected result~ but there 
may be exceptions such as the introduction of economies of 
scale for the farm with the increased productivity of flood 
plain land sufficient to bring about large and more than 
compensating increases in net income per acre of upland. 
Linear programming as a technique would have some limita= 
tions for identifying such results. 
is a measure of the over estimation of flood protection 
benefits in this case. 
Of course, such substitution does not occur in every 
case. An exception would be where more intensive crops 
not now being produced on the farm move in as a result of 
the flood protection. As has been shown in previous sec-
tionsj the amount of bottomland, and relative proportions 
of bottomland and upland have important effects on the 
changes in net returns to a farm and to a watershed. It 
is not necessarily true that the present method always 
overestimates the benefits 9 there may be cases in which 
the error would be negligible. 
An advantage of linear programming used in connection 
with the whole-farm-approach is that the with and without 
project resource uses can be determined mathematically 
with all variables controlled except flooding. Thus~ ad= 
justments which profitably could be made prior to the in-
stallation of flood protection will already have been taken 
into account~ and the effects of such adjustments would not 
be confounded with the effects of reduced flooding. 
The organizations and net returns to selected 00 typical00 
farms can be estimated from data obtained by a sample sur-
vey and compared with the programmed results. This com-
parison could provide the basis for adjusting programmed 
benefits by the percent actual efficiency of farmers0 re-
source use is of the programmed level of efficiency. The 
comparison also could provide the basis for making the 
restrictions or assumptions of the programs more realistic. 
This may be illustrated by referring to the data 
shown in Table XIIo The main difference between farms as 
presently organized and as programmed is in the relatively 
large acreages of alfalfa and numbers of livestock. This 
accounts for most of the $147,701 increase in the program-
med aggregate net returns over the net returns from farms 
as presently organizedo5 The project planners might re-
strict alfalfa acreages or numbers of livestock at some 
level between actual present organization and the acreages 
or numbers programmed as a benchmark. 
It is possible that the linear programming approach 
used in this study might be adapted for use by the program 
planners to yield estimates of benefit cost ratios more 
rapidly and easilyo The actual programming could be done 
in a central office with the field men performing the ser-
vice of collecting data for the purposes of adjusting 
standardized input-output coefficients to the particular 
watershede Such a method would not greatly alter the field 
work presently carried out by the Soil Conservation Serviceo 
The nature of the data would need to be changed to get in-
ventory estimates of the resource situations of typical 
whole farms which operate flood plain land. Input-output 
coefficients for crops and livestock, and damages to other 
5The net returns for the four farms were determined 
by applying the budgets for enterprises as used in this 




ESTIMATED NET FARM INCOME FOR BOGGY CREEK WATERSHED 
BY ALTERNATIVE FARM ORGANIZATIONS AND 
LEVEIS OF FlOOD PROTECTION (DOLLARS) 
Item 
Present Organization, 
No Flood Protection 
Programmed Organizations, 
No Flood Protection 












Increase in Total 
Due to Change 








a.obtained by expanding net income of individual farms from use of 
percentage each was of the total farms in the watershed with flood plain 
land. 
bobtained from estimates of present net incomes of the individual 
farms as follows: Farm I - $2,424; Farm II - $7,388; Farm III - $5,585; 
and Farm IV - $7,942. 
than crops and pasture could be carried out in the usual 
manner. 
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The linear programming "typical" farm approach could 
be pre-tested in one or more watersheds prior to adoption 
as a general procedure by the Soil Conservation Service. 
Problems not encountered in this study may arise in appli-
cation of the method for watershed planning. 
Another major implication of the results of the Flood 
Control Phase of the study is the possibility of more ef-
ficient use of public funds thrGugh proper choice of inten-
sity of investment for each watershed under development. 
Although all effects of the development in Boggy Creek were 
not considered in this study, a sufficient portion were 
considered to establish the nature of the functional rela-
tion depicting diminishing returns to added structures. 
The Soil Conservation Service does estimate costs and bene-
fits to the marginal structures, but the entire functional 
relation for a watershed is not determined. Instead of the 
planned 36 structures for Boggy Creek, there exists the 
possibility of an optimum number of 10-20 for this water-
shed when considering either of the following criteria for 
an optimum: (1) each structure must have a benefit-cost 
· ratio of one or greater, and/or (2) the benefit-cost ratio 
of the least efficient structure must be equal to or 
greater than could be obtained for the same (marginal) ex-
penditure in development in any other watershed. It is 
recognized that determination of the level of flood 
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protection (and the number of structures) in a:n.y watershed 
currently is a joint responsibility of the Soil Conserva-
tion Service and local interests, however, even within 
this policy in arriving at a decision, more efficient use 
of public expenditures in watershed development could be 
expected if more than the customary amount of information 
is available upon which to arrive at the decision. 
CHAPTER IV 
ECONOMIC POTENTIAL OF IRRIGATION 
FROM WATERSHED STRUCTURES 
The purpose of this phase of the study was to examine 
the economic potential to farmers of (1) using water for 
irrigation from the sediment pools of structures as planned 
for flood protection alone, and (2) developing additional 
storage for irrigation by entering into cost-sharing agree-
ments with the Federal Government. 
The empirical procedure was divided into three steps 
as follows: 
(1) Estimating the value per acre foot of different 
amounts of irrigation storage for farms of dif-
ferent sizes and land resource characteristics, 
(2) Estimating the amounts of water available with 
and without the increments to dams; and 1 
(3) Estimating the costs to farmers per acre foot 
of water for adding to the storage capacities 
of the structures. 
Source of Data a.p.d Method of Study 
The effects of different amounts of irrigation water 
on land use, resource requirements, and net incomes were 
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determined by linear programming for the same four typical 
farms used in the flood control phase of the study. Esti-
mates of water requirements and yields of the crops chosen 
to be irrigated were developed from published results of 
irrigation experiments in western Oklahoma and adjacent 
areas of Texas, 1 from surveys of irrigators in Oklahoma, 2 
and from unpublished information provided by ataff members 
of the Agricultural Extension Service and the Oklahoma 
Agricultural Experiment Station.3 
Sprinkler systems were assumed to be the means of ap-
plying water, and tbree sizes of sprinkler systems based 
on the number of acres to be irrigated were designed. 
Twenty, 40, and 100 acre systems were assumed, and afourth 
could be obtained by combining the 100 acre size with one 
of the smaller systems (Appendix Table XXX). 
1James E. Garton and A. D. Barefoot, Irrigation Ex-
periments at Altus and El Reno, Oklahoma, Oklahoma Agri-
cultural Experiment Station Bulletin B-534 (Stillwater, 
July, 1959). 
and Wayne Do Criddle, Estimates of 
Consumption-Use and Irrigation Water Requirements of Crops 
in Oklahoma, Oklahoma Agricultural Experiment Station · 
Technical Bulletin No. T-57 (Stillwater, October, 1955). 
·William F. Hughes and A. C. Magee, Some Economic Ef= 
fects· of Adjusting to~. Changing Water Supply, Texas Hi9~ Pl?,ig§_, Texas Agricultural Experiment Station Bulletin.. 5, 
(College Station, October, 1960). 
2K. C. Davis, data from surveys of irrigators in 
southwest Oklahoma counties, unpublished. 
3Franklin R. Crow and James E. Garton, Department of 
Agricultural Engineering, William F. Lagrone and K. C. 
Davis, Department of Agricultural Economics, and James V. 
Howell and Robert B. Duffin, Agricultural Extension Service. 
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Irrigation possibilities were confined to bottomland 
under no flooding conditions.4 Since the fixed costs per 
acre for irrigation facilities depended upon the amount of 
land irrigated, .and this amount could not be determined in 
advance of programming, only variable irrigation costs were 
programmed. After the programming was completed, the ap-
propriate size of system was assigned to a particular farm 
and the annual fixed costs subtracted from the net returns. 
These returns, net of all'irrigation costs, were used in 
determining the value of water (including returns to extra 
' ' 
family labor and any increase in risk at the various levels 
· programmed) • 
The irrigation costs included only costs of pumping 
and applying the water.· Thus, the net returns from the use 
of water was an estimate of the maximum amount that farmers 
could afford to pay for water delivered to the field. 
The levels of water programmed were not levels in the 
usual sense of adding increments of water on a per acre and 
by a crop basis, but they were levels in amounts of water 
per farm unit. For example, only one level of wat.er was 
programmed for each of .the .four crops selected for irriga-
ti.on. The amounts of water allowed per crop were cottonj 
4There was no way to estimate damage factors for ir-
rigated crops, but since the value of irrigation water is 
calculated by the increased net returns over dryland crops, 
approximately the same quantitative results could be 
achieved by programming "no floq4ing" as some other level 
of flood protection. 
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16" ; alfalfa, 20" ; grain sorghum, 12" ,,. and wheat, 10" ~ 
It was assumed that water would normally be applied at tne 
rate of about 4" per time overo The amounts programmed 
were arrived at by providing enough water to supply the av-
erage deficiency of rainfall in the area and adding to this 
an amount to make up for losses in field irrigation effi-
ciencyo5 It is probable that the economic optimum amounts 
of water per acre by crops are different than the amounts 
programmed. 
Results.of Programtning Analysis 
Effects on Land Use 
Generally, the use of the various levels of irriga-
tion water had little effect on the allocation of the land 
·resources to the. crops programmedo Of the four crops con-
sidered .for irrigation (wheat, cotton, alfalfa; and grain 
sorghum) only grain sorghum. failed to enter as an irrigated 
crop (Table XIII) 0 6 
5For cotton, alfalfa and grain sorghum, these amounts 
were derived from Garton and Barefoot, Estimates of Con-
sumption Use and Irrigation Water Requirements of-Crops ia 
Oklahomao The amount for wheat was based on the judgment 
of staff members of the Extension Service and the Experi-
ment Stationo 
6rt is possible that if another level of water had 
been programmed for grain sorghum, say 6" instead of 12", 
it may have entered the final program selections as an ir-
rigated crop. · 
TABLE XIII 
PROGRAMMED IRRIGATED .AND NON-IRRIGATED USES OF CROPLAND BY FARMS AND BY LEVELS OF IRRIGATION (ACRES) 
Farm I Farm II Farm III Farm IV 
Levels of Irrigation 
Item 0 1 2 3 0 1 2 3 0 1 ,2 3 0 1 2 3 
Bottomland 
Irrigated 
Cotton 0 13 13 l3 0 40 40 40 0 25 25 25 r:,o 14 14 14 
Wheat 0 0 9 9 0 0 0 0 0 0 63 49 0 0 81 58 
Alfalfa 0 0 16 36 0 0 17 31 0 0 45 124 0 0 37 121 
··· Total 0 13 38 58 0 40 57 71 0 25 133 198 0 14 132 193 
Non-Jrrigated 
Cotton 13 0 0 0 27 0 0 0 25 0 0 0 14 0 0 0 
Wheat 9 9 0 0 0 0 0 0 49 49 0 0 58 58 0 0 
Alfalfa 36 36 20 0 44 31 14 0 124 124 65 0 121 121 61 0 
Total 58 45 20 0 71 31 14 0 198 173 65 0 193 179 61 0 
Upland (Non-Irrigated) 
Cotton 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 
Wheat 46 46 46 46 172 172 172 172 53 53 36 42 220 220 197 209· 
Grain Sorghum 9 9 7 7 63 76 76 76 0 0 0 0 3 3 2 0 
Small Grain Grazing 12 12 14 14 34 34 34 34 24 24 41 35 59 59 83 73 
Total 
Cotton 13 13 13 13 40 40 40 40 25 25 25 25 14 14 14 14 
Wheat 55 55 55 55 172 172 172 172 102 102 99 91 278 278 278 267 
Alfalfa 36 36 36 36 44 31 31 31 124 124 110 124 121 121 98 121 
Grain Sorghum 9 9 7 7 63 76 76 76 0 0 0 0 3 3 2 0 




Only cotton was irrigated at the first farm increment 
of water, followed by variable amounts of wheat and alfalfa 
at increments two and threeo 
The acres in particular crops on Farm I remained al-
most stationary with successive increments of irrigation 
watero A slight shift (two acres) from grain sorghum to 
small grain grazing occurred at the second and third 
incrementso 
All the wheat allotment on Farm II remained on the 
upland leaving alfalfa and cotton as uses of irrigation 
water on all the bottomlando This was due to the large 
amount of upland relative to bottomland for this farm .. At 
the first increment of water and thereafter, 13 acres of 
cotton moved from upland to bottomland to be irrigated. 
The 13 acres of cotton were replaced on the upland by grain 
sorghumo 
It was profitable to substitute some small grain 
grazing on upland for the wheat allotment at all levels of 
irrigation for Farm III .. More wheat was irrigated at the 
intermediate level of water than at level 3., This extra 
amount of winter grazing made it profitable to grow more 
livestock and in turn caused a substitution of small grain 
grazing for wheat allotment on some of the upland .. At ir-
rigation level 3, alfalfa was substituted for some of the 
irrigated wheat, causing a switch back to more wheat on 
upland and less livestock (Table XIV)o This switching back 
and forth indicates that there is little difference in net 
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TABLE XIV 
LIVESTOCK ENTERPRISES PROGUMMED BY FARMS AND BY LEVELS OF IRRIGATION 
Farm and •ctivity Levels of ·Irrigation 
Enterprise Number Unit 0 1 2 3 
Farm I 
Feeders: 43 , Number 10 11 10 10 
Feeders 45 Number 17 17 20 20 
Farm II c 
42 Cow Unitsd 12 12 12 12 Cow-CalS 
Feeders 45 Number 49 49 49 49 
Farm III C 
42 d 3 3 2 2 Cow-Ca16 Cow Units 
Feeders 45 Number 34 34 56 49 
Farm IV 
C 42 d Cow Units 14 14 13 13 Cow-Cal& 
Feeders 45 Number 85 85 118 104 
4Feeders purchased in September, wintered on cotton seed cake and 
hay, summer graze, sell in July. 
bBuy in October, graze on harvested winter wheat and small grain 
grazed out, sell in May. 
C . 
Calving in February, non-creep feeding, sell good to choice feeder 
calves in September; cows wintered on cotton seed cake and hay, summer on 
range. 
dCow units are numbers of cows in herd that includes a bull, replace-
ment heifers, and calves during spring and summer. 
?9 
returns between the two alternatives, and practically,the 
allocation of resources would probably be made on the basis 
of preference for one or the other. 
For.Farm IV, about the same total acreages of crops 
were programmed at all levels of irrigation. Some of the 
wheat allotment was replaced by small grain grazing on up-
land at irrigation level 3. However, the farmers would not 
likely make this kind of substitution due to risk of a re-
duction in future wheat acreage allotments through under 
planting. 
Effects on Resource Requirements and Levels of Income 
The resource requirements and income by levels of ir-
rigation for the four "typical farms" are summarized in 
Tables XV-XVIIIo Generally, labor requirements, capital 
investment, and gross and net farm incomes increased for 
all the farms with increase in farm increments of water for 
irrigation. An exception was the negative net income to 
Farm II for the third increment of irrigation water. This 
negative resu.lt was permitted because the programs were run 
with only variable costs in the budgets, and the annual 
fixed cos:t;s were deducted from the programmed net incomes. 
The change in irrigation equipment between irrigation lev-
els 2 and 3 was responsible for the negative returns to the 
third increment of watero This was due to the necessity 
for using the 100 acre size irrigation system on ?l acres 
TABLE XV 
PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY 
l.EVEI.S OF IRRIGATION, FARM I . 
Levels 'e,f Irrigation 
Item t i'1 0 1 2 
. I 
Total Wat~r Used, acre feet 0 17.3 51.8 
Change from Preceding 
Level of Use, acre feet 17.3 34.5 
Labor Required 
Hired, hours 0 0 0 
Family, hours 842 J.,072 1,201 
Total, hours 842 1,072 1,201 
Change in Family Labor 
Requirements 
From No Irrigation, hours 230 359 
·· From Preceding Level of 
Irrigation, hours 230 129 
Non-land Capital Investment, 
dollars 6,243 7,245 8,900 
Gross Farm Income, dollars 10,325 12;.080 13,833 
Annual Costs, dollars 6,369 7,426 8,880 
Net Farm Income, dollars 3,956 4,654 4,953 
Change in Net Farm Income 
From No Irrigation, dollars 698 997 
From Preceding Level of 
Irrigation, dollars 698 299 
Returns per Acre Foot of Water a 
From No Irrigation, dollars 40.35 19. 25 . 
From Preceding Level of 


















8aeturns to water, to increments of family labor,. and to any incre-
ments to risk and management associated with levels of irrigation. 
·~ABLE XVI 
PROGRAMMED .. RES0UR¢E REi~UIREMENTS AND INCOME 
BY LEVELC3 o:t IRitGATION, FARM II 
Item 
Total Water Used, acre feet 
Change from Preceding 





Change in Family Labor 
Requirements 
From No Irrigation, hours 
From Preceding Level of 
Irrigation, hours 
Non-land Capital Investment, 
dollars 
Gross Farm Income, dollars 
Annual Costs, dollars 
Net Farm Income, dollars 
Change in Net Farm Income 
From No Irrigation, dollars 
From Preceding Level of 
Irrigation, dollars 
Returns per Acre Foot of Water 
From No Irrigation, dollars 














































8aeturns to water, to increments of family labor, and to any incre-
ments to risk and management associated with levels of irrigation. 
82 
TABLE XVII 
PROGRAMMED RESOURCE REQUIREMENTS AND INCOME BY 
LEVELS OF IRRIGATION, FARM III 
Levels of Irrisation · 
Item 0 l 2 3 
Total Water Used, acre feet 0 33.3 161.1 272.5 
Change from Preceding 
Level of Use, acre feet 33.3 127 .• 8 111.4 
Labor Required 
Hired, hours 173 482 675 1,111 
Family, hours 1,510 1,645 l,910 1,933 
Total;'hours 1,683 2,127 2,585 3,044 
Change in Family Labor 
Requirements 
From No Irrigation, hours 135 400 423 
From Preceding Level of 
Irrigation, hours 135 265 23 
Non~land Capital Investment, 
dollars 
i 
11,149 12,799 20,127 23,535 
I 
Gross Farm Income, dollars 21,240 24,579 32,867 37,375 
AnnualCosts, dollars 11,340 13., 410 20,597 24,690 
Net Farm Income, dollars 9,900 11,169 12,270 12,685 
Change in Net Farm Income 
From No Irrigation, dollars 1,269 2,370 2,785 
From Preceding Level of 
Irrigation, dollars 1,269 1,101 415 
. a· Returns per Acre Foot of Water ·· 
From No Irrigation, dollars 38.07 14.71 10 .• 22 
From Preceding Level of 
Irrigation, dollars 38.07 8 .• 62 · 3 .• 13 
8aeturns to water, to increments of family labor, and to any incre-· 




PRQGRAMMED RESOURCE REQUIREMENTS AND INCOME BY 
LEVELS OF IU.IGATION, FARM IV 
Item 
Total Water Used, acre feet 
Change from Preceding 





Change in Family Labor 
Requirements 
From No Irrigation, hours 
·From Preceding Level of 
Irrigation, hours 
Non-land Capital Investment, 
dollars 
Gross Farm Income, dollars 
Annual Costs, dollars 
Net Farm Income, dollars 
Change in Net Farm.Income 
From No Irrigation, dollars 
From Preceding Level of 
Irri,ati~n, dollars 
Returns p~r Acre Foot of Water8 
From l{o ttrigatlon, .i dollars 
















































659 1,sis 2,086 
,,. l,15~ 271 
i ' ' 
35.24 i2~2~ . 1~1• 
,: 
35.24 8.91, 2.25 
8aeturns to water, to increments of £~Uy.labor, and to any incre-
ments to risk and management associated with· levels of irrigation. 
irrigated at level 3 which was less efficient than using 
the 40 acre size on 57 acres at irrigation level 2e 
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Labor and Non-Land Capital Input so For Farm I, family 
labor increased about 50 percent from no irrigation to full 
irrigation of bottomland, but it was never necessary to 
hire any labor. Total labor required almost doubled, and 
hired labor increased about five-fold, with irrigation of 
all bottomland on Farms II, III, and IV. 
Non-land capital requirements increased by 50 and 25 
percent respectively for Farms I and II in going from none 
to complete irrigation of bottomland. The increases in 
capital requirements were much greater in the cases of 
Farms III and IV. These greater increments to the capital 
required were due to the latter two farms having much 
larger acreages of bottomland to irrigate as well as to the 
resulting shift toward more livestock at higher irrigation 
levelso 
Levels of Incomeo Net returns increased with all in= 
crements of water for Farm I (Table XV, p~ge 80). However, 
the second and third increments to net income were consid-
derably less than the first. The first increment of water 
irrigated the 13 acre cotton allotment and increased net 
income by $40.35 per acre foot. This return is to water, 
additional family labor required for irrigation, and for 
any increase in risk and management associated with a 
larger scale of operation. The possibility of a decrease 
in risk due to a reduction of income variability 
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attributable to drouth was not examined in this study~ 
The other farms experienced increases in net income 
similar to Farm I at the different increments of water with 
the exception of Farm II (Table XVI, ~age 81). None of the 
four farms had increases in net income below $8 per acre 
foot at the second incremento At the third increment, 
Farm I had an increase in net income over the preceding 
level of irrigation of more than $10 while the other three 
farms were all less than $4. 
Over~all, the estimated increases in net returns for 
irrigating cotton ranged from $32.53 to $40.35 per acre 
foot of water. The income per acre foot dropped to between 
_$8 and $9 on all farms for the seco.nd increment of water. 
The returns to water for irrigation level 3 were below $4 
per acre foot for Farms II, III and IV. When the costs of 
water are considered, this level. of irrigation may be un-
profitable for these. farms. However, the third increment 
of water for Farm I was worth more than the second incre-
ment for this farm. This resulted from the ability to make 
more .efficient use of equipment at the third level than at 
the second. 
Allocation of Alternative Supplies of Water 
The principle of achieving maximum economic returns 
from any scarce resource is that of allocating the resource 
among its alternative uses in such a manner that those uses 
yielding higher returns are given priority. To graphically 
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illustrate this principle, increments of water are arranged 
in magnitude of returns per acre foot as programmed for the 
farms (Figure 4)o 
A method of going from the four farms to the approxi-
mate amounts used by the watershed is to multiply by the 
factor l5o5o The result of this expansion to the watershed 
as indicated by the lower scale of the horizontal axis of 
Figure 4 (page 87) indicates that about 7,400 acre feet of 
water could be profitably used in the watershed if the cost 
of getting it from the reservoirs to the fields (plus extra 
family labor used in irrigation) did not exceed about $8.50 
per acre footo 
However, it may be observed from the graph that if 
such costs exceed $9050 per acre foot, only cotton would 
be profitable to irrigate, and about 1,900 acre feet of 
water would be sufficient to irrigate the cotton acreage 
allotments in the watershedo 
An alternative (and perhaps more practical) way to 
allocate water to users and uses would be to rank the farms 
by average returns per acre foot of water when each farm 
uses water to its maximum level of profitabilityo 
Assuming all net returns to water below $6 per acre 
foot would be unprofitable, such an array would be as 












~Farm I, 13 ac. cottori 
Farm III, 25 ac. cotton 
Farm rv, 14 ac. cotton 
·arm II, 40 ac. cotton 
Farm I, 9 ac. viheat and 36 ac. alfalfa 
· ,Farm II, 17 ac. alfalfa 
·arm IV, 81 ac. vk1eat and 37 ac. alfalfa 
'Farm III, 63 ac. '.\neat and 45 ac. alfalfa · 
-Farm III, wheat and alfalfa 
Farm IV, wheat and alfalfa 
· 0 50 100 150 200 250 300 350 · 400 450 500 550 600 650 700 (Typical Farms) 
0 775 15C-O 2325 3100 3875 4650 5425 6200 6975 7750 8825, 9300 10,075 10$50 (Watershed) 
Acre Feet of Water 
Figure 4. Net Returns Per Acre Foot of Water, Acre Feet of Water Used, and Acreages of -





Farm CroEs and Acres Irrigated Per Acre Foot 
II 40 acres cotton.and 17 acres alfalfa $24.40 
I 13 acres cotton, 9 acres wheat and 
36 acres alfalfa 15.88 
III 25 acres cotton, 63 acres wheat and 
45 acres alfalfa 14.71 
IV 14 acres. cotton, 81 acres wheat and 
37 acres alfal.fa 12.22 
.From these data, it is evident that the size of the 
cotton allotment is a major factor in determining the av-
erage returns per acre foot of irrigation w~ter. The size 
of farm is also an important determinant if cotton allotment 
is small relative to the amount of irrigable land. 
The estimates of returns per acre foot of water pre-
sent.ad in this study apply only to assumed price-cost and 
technical relationships-for Boggy Creek and similar water-
sheds. It is possible that enterprises not programmed may 
yield greater net returnso For example, alfalfa for on 
farm dairy cattle feed, peanuts, or truck crops might be 
more profitable irrigation enterprises. Only enterprises 
now important in the area were considered. In addition, 
the estimates of increased yields from irrigation are based 
on limited information and rather rigid assumptions as to 
fertilizer and cultural practices (Appendix Tables XXXI-
XXXIV). 
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Potential Supply of Water for Irrigation 
Each watershed project developed for flood prevention 
alone provides some water which may be used for irrigation. 
This is stored in the sediment pools of the structureso 
There may be a considerable potential for irrigation from 
sediment pools of the larger structures. It is crucial 
from an engineering standpoint that the farmer decide 
whether to add to the storage of water for irrigation prior 
to the building of the structureo This may be a difficult 
decision for most farmers, especially in areas where there 
is little experience with irrigation from impounded surface 
watero As a result, about 95 percent of all small water-
shed structures have been planned for flood prevention 
alone, If there is an economic potential for irrigation 
water greater than that stored by a single purpose (flood 
control) structures, then it clearly is not being usedo 
The plan for Boggy Creek (without additional storage 
for irrigation) includes 36 floodwater retarding structures 
with a storage capacity of 2,850 acre feet of water in the 
sediment pools. Based on the sample of 10 structures, it 
is estimated that 46 percent of this water will be lost 
through evaporation (Table XIX)o If it is arbitrarily as-
sumed that an additional 15 percent will be lost from other 
diversion, there would.be only 1,112 acre feet available 
for irrigation from sediment pools of the 36 structures. 
T.his would irrigate about 50 percent of the present cotton 
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TABLE XIX 
ESTIMATED TOTAL ACRE FEET STORED, ACRE FEET LOST BY EVAPORATION, 
AND ACRE FEET STORED NET OF EVAFDRATION LOSS FOR 
TEN STRUCTURES WITH AND WITHOUT INCREMENTS 
ADDED FOR IRRIGATION 
With Irrigation Incrementa Without Irrigation Incremento" 
Structure Total !.Dst by Net of Total lost by Net of 
Number Stored EvaEoration Evaeoration Stored EvaEoration Evaporatio~ 
1 240 127 113 104 37 67 
4 370 150 220 120 44 76 
5 270 121 149 104 37 67 
10 325 114 211 56 33 23 
13 1,800 523 1,277 287 165 122 
17 1,050 305 745 209 103 106 
21 640 222 418 65 26 39 
26 300 134 166 129 44 85 
28 475 228 247 98 68 30 
29 500 239 261 - 200 ...:n. 127 -
Totals 5,970 2,163 3,807 1,372 630 742 
aThese amounts are in addition to the acre feet in the sediment 
pool. 
bThe amounts are estimates as planned for flood control only. 
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acreage in the watershed. However, this amount is not 
likely to be available for ir.rigation because 21 of the 
planned structures have less than 80 acre feet of water in 
the sediment pools, leaving only 15 structures with suffi-
cient storage to furnish a farm with enough water to real-
ize its economic potential from irrigation. Thus, irriga-
tion from sediment pools, as planned, has a limited eco-
nomic potential in Boggy Creek. 
The Soil Conservation Service provided data for esti-
mating the costs to farmers for adding to the water storage 
capacities for 10 of the planned· structures which were be-
lieved to have the best potential for this development. 
These 10 structures can be developed to a capacity of 5,970 
acre feet at a cost to the farmers of $27ol3 per acre foot 
for construction (Table XIX, page 90) o When this cost is 
amortized over 13 years (the assumed life of the irrigation 
equipment), the annual cost to farmers would be about$3o06 
per acre foot gross storage capacity for irrigation pur-
poseso However, this is not an estimate of cost to farmers 
delivered to the fieldo There remains the difficult task 
of estimating the loss between storage in the structures 
and the field siteso When this estimate is made, the cost 
per acre foot of effective storage can be estimated, where 
effective storage is the total acre feet stored minus such 
losses. 
The capacity in acre feet of storage must be large 
enough to provide the water required for irriga~ion plus 
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the water losso The main sources of loss are (!)evapora-
tion from free water surfaces, and (2) seepage and other 
losses from the lake and f;t'om transmission. cha.nne.lso 
Evaporation Loss 
The average annual lake evaporation at Cordell, 
Oklahoma was estimated to be 64" by members of the Depart-
ment of Agricultural Engineeringo7 The evaporation period 
relevant for losses to be considered for this study would 
be from May through October, and evaporation for this pe-
riod was estimated to be 44 "o This estimate presupposes 
that the lake would be filled to storage capacity by May 1. 
The 44" loss provides a basis for deriving an estimate of 
the component of loss due to evaporationo The procedure 
for deriving this estimate was to plot profiles of the 
surface acres of water against elevations for the 10 struc-
tures and to assume an average loss of 44" between the 
sediment pool and the :permanent pool elevations. The re-
sults are presented in Table XIX (page 90) o. 
?Franklin R. Crow, and James Eo Garton, References 
cited in support of estimate: United States Weather Bu-
reau, Department of Commerce, Evaporation Maps for the 
United States, Techo Paper No. 37, (Washington, Do o;; 
1959) and United States Geological Survey,· "Water Loss 
Investigations: Lake Heffner ptud.ies II Technical Report, 
Geological Survey Professional Paper No. 269. (Washington, 
D. c., 1954), (a reprint of United States Geological Sur-
vey, Circular No. 229, 195.g)., 
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Losses Other Than Evaporation 
The principal losses other than evaporation are from 
evapo-transpiration from vegetation along the banks of the 
conveyance streams or channels, and seepage from the bed 
and banks of the channelso However, evapo-transpiration 
is small in comparison with seepageo 8 
Some of the factors affecting seepage listed by 
Robinson and Rohwer are as follows: (1) characteristics 
of soil, (2) length of time canal has been in operation, 
(3) depth to ground water, (4) temperature of the soil and 
of the water, (5) depth of the water in the canal, (6) per-
centage of entrapped air in the soil, (7) capillary ten-
sion, and (8) barometric pressureo9 
Although no satisfactory formula has ever been devel-
oped for estimating seepage, Darcy 0 s Law, lO Q = KIA, is 
helpful in understanding the fundamental relationships in-
vo1vedo In this formula 
Q = quantity of water lost per unit of time 
K = coefficient of permeability 
I = the hydraulic gradient, and 
A = the wetted area of the canal bed and bankso 
8rvan Eo Houk') Irrigation Engineering, Volo I, John 
Wiley and Sons (New York, 1951)') po 373 .. 
9Ao Ro Robinson and Carl Rohwer, :Measuring Seepag! 
From Irrigation Channels, United States Department of Ag-
riculture, Agricultural Research Service Technical Bulletin 
Noo 1203 (Washington, Do Co, September, 1959), p .. 2 .. 
lOHo Darcy, Les Fontaines Publiques De La Ville De Dijon, 
(647 pp .. and Atlas) Paris, 18560 (Footnote from Ao R .. Robinson 
and Carl Rohwer.,) 
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Houk summarizes the findings of a number of studies 
over the United States by saying that losses in farm 
ditches averaged 5-50 percent per mile, and canal seepage 
losses from unlined canals varied from 15-45 percent of 
the total diversionso 11 In the absence of actual measure-
ments one can only speculate and guess at the percentage 
of water stored in the Boggy Creek reservoirs which would 
be lost before it is delivered to the field site~ From a 
map, it was estimated that the average distance from the 
selected 10 structures to the irrigated fields was approx-
imately one mile. This corresponds to the measurement 
above which reports percentage loss per mile to be from 5-
50 percent. Since the most important variable is permea-
bility, the median value of 27.5 percent could be selected 
if median permeability is assumed. This would presuppose 
that the conditions in the channels on Boggy Creek were 
similar to the farm ditches in which the studies were made. 
However, it is very likely that since natural stream beds 
are used, the permeability is much lower in Boggy Creek 
than the farm ditches of the studies cited, so that the 
median figure probably would overestimate the losses~ It 
was arbitrarily assumed that 15 percent of the water stored 
in the structures would be the net loss from all causes 
other than evaporation. 12 This component, when added to 
11 Houk, p. 392 
12The rainfall and runoff into the lake are plus fac-
tors and the seepage from the lake and channels are minus 
factors for which good estimates are lacking .. 
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the water lost from evaporation, results in a water supply 
for irrigation (delivered to the fields) as follows: 
Total water stored (acre feet) 5,9?0 
Lost by evaporation (acre feet) 2,163 
Other losses at 15 percent (acre feet) 895 
Yater available for irrigation 2,912 
Economic Potential 
The farmer's share of the cost for developing the in-
crements to the 10 structures would be $55.62 per acre 
foot of water available for irrigationo When this cost is 
amortized for 13 years at 6 percent,the annual cost is 
$6028 per acre foot. This cost is considerably less than 
the $12 to $24 average returns per acre foot of water ap-
plied to crops. 
From these estimates, it is concluded that adding to 
the flood control structures for irrigation purposes on a 
cost sharing basis does offer economic possibilities to 
farmers in Boggy Creek, and possibly to farmers in many 
other watersheds of similar climatological and agricultur-
al characteristics. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
The Watershed Protection and Flood Prevention Act of 
1954 (Public Law 566 and subsequent amendments thereto) 
authorizes the construction of upstream watershed improve-
ments for flood control, irrigation, and other purposes. 
This has created a potential for Oklahoma farmers to in-
crease agricultural production; however, a limited amount 
. . 
of information is available upon which to base economic 
decisions in adjusting to these opportunitieso 
This study was limited to one watershed, Boggy Creek, 
in Washita County of Oklahoma. The major objectives were 
as follows: (1) to estimate the effects of varying degrees 
of intensity of flood protection upon resource use and net 
returns for typical farms of the watershed; (2) to estimate 
the resource requirements, land use, and net returns for 
varying levels of irrigation for typical farms of the 
watershed 9 (3) to estimate the quantity of water available 
for irrigation in the sediment pools of the structures as 
planned for flood control; and, (4) to estimate the econom-
ic potential of developing additional storage capacity for 
irrigation from ten structures judged to be the most suit-
able for this purposee 
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The study represented an aspect of evaluation of 
watershed development, and, as such, it provided a means 
for developing and partially testing new procedures for 
this purpose. The method used by the Soil Conservation 
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.Service considered the flood plain to be the appropriate 
unit for analysis. An alternative method proposed by 
Timmons and others suggested consideration of·the entire 
watershed as the appropriate unit. The methodology of this 
study differed from both of these methods in that the farms 
of the watershed were used as the relevant units for anal-
ysis. The major hypothesis in support of this appr~aeh was 
that the effects of watershed development differed among 
individual farm$, and, therefore, the total effects of 
watershed development would be determined by individual 
farms as the decision making units. 
The theory of the firm provided the.guiding concepts 
of the study. A firm was assumed to be ini t,ially in a 
state of equilibrium, a disturbance was introduced ~n the 
form ef a change in level of flood protection (or irriga-
tion), and after adjustment, a new equilibrium was achievedo 
The difference in the magnitudes of the relevant variables 
at any two equilibrium positions was used as a measure of 
the effects of the changed level of flood protection or 
irrigation. 
Linear programming was used as the technique for es-
timating the net returns and allocation of resources for 
individual farms at the various levels of flood protection 
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and irrigationo Input-output data for the programming 
analysis were obtained from a sample of farms in the water-
shed, from personnel of the Oklahoma Agricultural Experi-
ment Station,, and from agricultural workers in counties of 
'-
the Washita River Basino 
Four typical farms were selected for programming on 
the hypothesis that a major factor affecting an individual 
farmer's response to watershed developmen:t; was the propor-
tion of total land operated which was flood plain land. 
The relative amounts of bottomland and upland on the farms 
were as follows: Farm I, less than 120 acres of bottom-
land and less than 240 acres of upland; Farm II, less than 
120 acres of bottomland and more than 240 acres of upland; 
Farm III, more than 120 acres of bottomland and less than 
240 acres of upland; and Farm IV, inore than 120 acres of 
bottomland and more than 240 acres of upland .. The acreages 
of cropland were as follows: Farm I, 58 acres of bottom-
land and 67 acres of upland; Farm II, 71 acres of bottom-
land and 282 acres of upland; Farm III, 198 acres of bot-
~omland and 77 acres of upland; and Farm IV; 193 acres of 
bottomland and 282 acres of uplando 
The Soil Conservation Service provided data on flood-
ing depths and frequencies for the following levels of 
flood protection: (1) none, (2) land treatment only, and 
land treatment with (3) 10 structures, (4) 20 structures, 
and (5) 36 structureso A sixth level of flood protection, 
a hypothetical "no flood damage 11 , was assumed for purposes 
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of developing the basic budgetso Damage factors were de-
veloped from data supplied by the Soil Conservation Serv-
ice, and budgets were prepared for each level of protection 
by applying the damage factors to the basic budgets~ For 
the programming analysis, crop and livestock alternatives 
were limited to those currently active in the watershed~ 
The flood control phase of the study was a programming 
analysis of the four typical farms at the six levels of 
flood protectiono The irrigation phase of the study was a 
programming analysis of the same four farms at four levels 
of water per farm as follows: (1) none, (2) an amount 
sufficient to irrigate the cotton allotment, (3) an inter-
mediate amount between levels (2) and (4), and (4) an 
amount sufficient to irrigate all the bottomland~ 
Items included in the programming analysis for the 
different levels of flood protection and irrigation were 
estimates of land use for the different kinds of cropland~ 
labor and non-land capital requirements, operating costs~ 
and gross and net incomes for typical farms~ 
The only crops entering the final programmed solutions 
for any of the farms were cotton, wheat, alfalfa, grain 
sorghum, small grain grazing, and barley& The major change 
from the current use of bottomland was a much greater acre-
age of alfalfa, which entered all programs at all levels 
of flood protection by the maximum amounts assumed permis-
sible (five-eighths of the bottomland) .. 
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The use of land, and shifts in land use, within farms 
at increased levels of flood protection varied with the 
size of cotton and wheat allotmentso Farm II, with a 40 
acre cotton allotment and only 30 acres of bottomland free 
from flooding at no flood protection, had a programmed use 
of 11 acres of cotton on the bottomland and 29 acres on the 
uplando With increased levels of intensity of flood pro-
tection, cotton moved from upland torbottomland until 19 
acres wer.e programmed on the bottomland at the level of 
flood protection afforded by 36 structures.. The same farm, 
with 282 acres of upland and a 172 acre wheat allotment, 
had all the wheat programmed on upland at all levels of 
flood protectiono Farm IV, with relatively large amounts 
of b.oth bottomland and upland, had the same land uses pro-
grammed at all levels of flood protection .. For this farm, 
the 14 acre cotton allotment was planted on bottomland not 
subject to flooding, and the 278 acre wheat allotment was 
mainly on uplando Farm I, with relatively small amounts of 
both upland and bottomland, had three. acres of the cotton al-
lotment on upland and 10 acres on bottomland at the no 
flood protection level'> but, with flood protection, the 
cotton acreage shifted from upland to bottomlando Farm III 
had all of the 77 acres of upland used by wheat at the 
first four levels of flood protection 9 at the fifth level 
(36 structures) 9 17 acres of wheat moved to the bottomland .. 
The 25 acre cotton allotment for this farm was planted on 
bottomland at all levels of protectiono -
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The increased intensity in use of flood plain land 
was accompanied by decreased intensity of upland use,, On 
Farm I, the three acres of cotton and five acres of wheat 
,'1 I 
shifting from the upland to bottomland were replaced by 
small grain grazing on the upland. Farm II had 16 acres 
of wheat and cotton to move to the bottomland with flood 
protection, and the vacated upland was used by 13 acres of 
barley and three acres of small grain grazing& The 17 
acres of wheat moving from upland to the bottomland on 
Farm III with flood protection afforded by 36 structures 
was replaced by small grain grazing on the upland. 
The programmed livestock numbers for present flooding 
conditions were 26 feeder cattle and no beef cows for Farm 
I, 60 feeders and 11 beef cows for Farm II, 32 feeders and 
three beef cows for Farm III, and 86 feeders and 14 beef 
cows for Farm IVo There was little change in programmed 
livestock numbers at increased intensity of flood protec-
tion" When converted to animal units, the present live-
stock on farms were about 70 percent of the programmednum-
bers, and the farmers had more beef cows and fewer feeder 
cattle than the programmed numberso 
Labor requirements changed insignificantly with in-
creases in level of flood protectiono Also, there was 
little change in capital requirements between no floodpro-
tection and protection by 36 structures~ 
Gross and net incomes increased at all levels of 
flooding protection for all farms. The changes in net 
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incomes from no flood protection to protection by 36 struc-
tures were as follows: Farm I, from $3,456 to $3,806; 
Farm II, from $8,560 to $8,979 9 Farm III, from $8,321 to 
$9,396, and, Farm IV, from $12,664 to $13,7590 The greater 
changes in income for Farms III and IV reflect the greater 
amounts of bottomland of these farmso Diminishing returns 
to adding structures for flood protection was evident, the 
greatest increments in net .returns to all farms occurred 
at 10 structures. 
The estimated net returns of farms as presently or-
ganized when aggregated to the watershed were about 70 per-
cent of the aggregated programming results for no flood 
protection .. By farms, these comparisons of net returns 
were as follows: Farm I, $2~424 and $3 9456 9 Farm II, 
$7,388 and $8,5609 Farm III, $5~585 and $8,321; and Farm 
IV, $7,942 and $12~6640 These differences depicted possi-
ble opportunities for farmers of the watershed to increase 
their net returns without flood protection. 
Net income increases for the farms attributable to 
flood protection were due to reduction of flood damage to 
crops (about 90 percent) and more intensive use of flood 
plain land (about 10 percent). The change in intensity of 
flood plain land varied among the farms. Farms I and II, 
with relatively small amount.s of bottomland, had the 
/ 
greater increases in net income attributable to more in-
tensive use of the flood plain. There was a small increase 
in net income attributable to change in land use of flood 
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plain on Farm III, but none for Farm IVo 
The results indicating net returns to farmers~ land 
use changes, and other effects of the watershed project, 
did vary among the individual farm resource situations, 
and that increased intensity of use of the flood plain 
land was associated with decreased i~tensity in the use of 
upland, supports the methodology of watershed evaluation. 
which considers the individual farms as the appropriate 
units for analysiso 
Irrigation budgets were prepared for cotton, wheat, 
alfalfa, and grain sorghum on bottomland for the analysis 
of economic potential of irrigation for the four u typical 0 
farms., Sprinkler irrigation was assumed, and costs for 
three sizes of systems, 20 acre, 40 acre, and 100 acre, 
were estimated for the analysiso A fourth size used was a 
combination of the 100 acre and the 40 acre sizes. 
Generally~ there was little change in the use of land 
at the various levels of water programmed per farmo Irri-
gated cotton 1 wheat, and alfalfa replaced approximately the 
same acreages of these crops programmed without irrigation 
watero Grain sorghum never entered the programs at any 
level of water·. 
Labor and non-land capital requirements, and gross 
and net returns increased significantly on all farms with 
increase in levels of irrigation. From no irrigation to 
the third increment of water, increases in labor by farms 
were as follows~ Farm I, family labor from 842 to 1)321 
104 
hours (no labor was hired at any level); Farm II, family 
labor from 1,339 to 1,734 hours and hired labor from 191 
to 963 ho~rs; Farm III, family labor from 1,510 to 1,933 
hours and hired labor from 17? to 1,111 hours; and for 
· Farm IV, family labor from 1,544 to 1,938 hours and hired 
labor from 199 to 1,040 ho~rso Non-land capital require-
ments increases by farms were as follows: Farm I, from 
$6,243 to $9,467, Farm II, from $16,624 to $20,228; Farm 
. : . ' . . 
III, from $11,149 to $23,535; and for Farm IV, from$22,462 
to $35,355. Part of these increases in capital were in-
creases in payments for hired laboro Net returns increases 
by farms from none to the third increment of water were as 
follows: Farm I, from $3'j956 to $5,303; Farm II, from 
$~,314 to $11,142; Farm III, from $9,900 to $12,685i and 
Farm IV, from ,14,251 to $16,3370 
Net returns per acre foot for the first increment of 
water (for irrigating cotton only) ranged from $32.53 (Farm 
II) to $40.35 (Farm I). Net returns per acre foot <U"opped 
sharply for the second increment of water to the range of 
$8.62 (Farm III) to $8.93 (Farm II). Net returns per acre 
foot to the third increment of water ranged from -$4.88 
(Farm II) to $10061 (Farm I) .. The relativ.ely high returns 
to water for irrigating cotton emphasized the importance of 
the. cotton allotment as a determinant of the value of water 
for irrigation on an individual farm. 
Results of the study indicated that the sediment pools 
of the 36 st.rue tu.res as planned for flood protection in 
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Boggy Creek afforded a supply of water with a limited eco-
nomic potentialo The storage capacity of the sediment 
pools was 2,850 acre feeto Of this amount, it was esti-
mated that 1,112 acre feet would be avail~ble for irriga-
tion after deduction for evaporation and other losses. 
This 1,112 acre feet would irrigate about 50 percent of the 
cotton acreage in the watershed if all of it could be used. 
However, 21 of the structures contained less than 80 acre 
feet of gross storage capacity, and only 15 had enough 
water each to supply a farm with an amount sufficient to 
irrigate most of its bottomlando 
Development of additional water storage capacity for 
irrigation to the ten structures judged to be the most 
suitable for this purpose has economic possibilities to 
farmers in Boggy Creeko An additional storage capacity of 
5,9?0 acre feet could be developed for the 10 structures 
from which 2,912 acre feet would be net of evaporation and 
other losseso The farmers 0 share of developing the addi-
tional storage capacity was estimated to be $55.62 per acre 
foot for the 2,912 acre feeto When this cost was amortized 
over 13 years (the estimated life of the irrigation equip-
ment) at 6 percent, the annual cost to farmers was $6.28 
per acre foot .. This cost was considerably less than the 
estimated $12 to $24 average returns per acre foot of water 
to the farmers. 
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APPENDIX TABLE I 
ASSUMED PRICES OF INPUTS. AS USED IN FARM PROGRAMMING ANALYSIS 
Item 
Seed and Feed 




Grain Serghum Seed 
Ferage Sorghum Seed 













Cotton, Ginning and Wrapping 
Cett0n Defoliation 










Fuel and Lubricant 
Gase line 





















cwt .. seed cetten 
cwt. seed eetton 
cwt. seed cotton 
acre 

















































Source: Survey of agricultural workers in the Washita River Basin 
during 1960, Larry J. Connor, James S. Plaxico, and William F. Lagrone, 
Resource Reg~rements, Costs,~ Expected Returns: Alternative Crep and 
Liv_esteck Enfez:prises; ·Learn. Ssils ef Southwestern Oklahoma., Precessed 
Series P-368, February,~l, · Appendix Table· 2, p. 45. 
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APPENDIX TABLE II 
ASSUMED PRICES OF PRODUCTS AS USED IN FARM PROGRAMMING ANALYSIS 
Item Unit Price 
(dollars) 
Cro~s 
Cotton:, Lint lb. .28 
Cotton, Seed ton 45.00 
Wheat bu. 1.s5 
Grain Sorghum bu. .90 
Alfalfa Hay ton 23.33 
Barley bu. .so 
Oats bu. .65 
Bee£ Cattle 
Cull Cows (Sept.) cwt. 13.50 
Cull Cows· (June) cwt. 14.25 
Heifer Calves (June 15) cwt. 21.50 
Heifer Calves (Sept. 10) cwt. 21.00 
steer Calves (June 15) cwt. 23.50 
steer Calves (Sept. 10) cwt. 23.00 
Good Feeders (March 10) cwt. 22.50 
Good Feeders (May 10) cwt. 22.50 
Good Feeders (July 10) cwt. 23.00 
Source (Crops): G. P. Collins, . and w. G~. Hill:; Oklahoma Agri. Sta., 
and· AMS, USDA, ·Prices Received .2Z- Oklahoma Farmers, 1910-1957 (and SUP-
plements), Processed Series P-297, June 1958. Prices were adjusted by 
taking a "weighted" average of the years 1955-1959. 'Ihe 11weight 11 was 
designed to., ,give more emphasis to the more recent years; that is, prices 
in 1959 were weighted by 5, prices in 1958 wer~ weighted by 4, etc. 
Source (Beef Cattle): Larr, .J. Connor, James S. Plaxico, and 
William·F. Lagrone, Processed Series P-368, February, 1961, Appendix 
Table 3, P• 47° 
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APPENDIX TABLE III 
ESTIMATED TOTAL COST AND COST PER HOUR OF USE FOR SELECTED ITEMS 














Side Delivery Rake 
Gyromor, (Stalk Cutter) 
Total 
Specifications 
3 or 2-16 tricycle 
L.P., P.S., PTO, 
hydraulic system, 
3-point, 43 h.p. 
2-1611 integral 












































Source: William F. Lagrone, unpublished data. Cost per hour of 
use includes repair, lubrication, depreciation due to wear, fuel and 
oil. All figures are based on assumption that equipment will wear out 
before it becomes obsolete. 
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APPENDIX TABLE IV 
ESTIMATED TOTAL COST AND COSTS PER HOUR OF USE FOR SELECTED ITEMS 










Gyrom.or (Stalk Cutter) 
Mower 





4' or 3-16 tricycle, 
L.P., P.s., hydraulic 
system, PTO 
4-16 11 integral 
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Total Per Hour 
















Source: William, .F.:La:grone·.,, unpublished data. Cost per hour of 
use includes repair, lubrication, depreciation due to wear, .fuel and 
oil. All figures are based on assumption that equipment -will wear out 
before it becomes obsolete. 
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APPENDIX TABLE V 
PERFORMANCE OF POWER AND EQUIPMENT AS USED IN FARM PROGRAMMING 
ANALYSIS , 
Performance One Time Over 
Operation Two-Plow Four-Plow 
or Acres Per • Hours Per Acres Per Hours Per 
Tool Used Hour Acre Hour Acre 
Breaking Land 1.30 .77 2.0 .50 
Disking 2.50 .40 
One-Way 2.00 .50 4.5 .22 
Spike-Tooth Harrow 3.00 .33 8.0 .13 
Planter 2.00 .50 :4·0 : ' .. .25 
Rotary Hoe 2.00 .50 
Cultivator 2.00 • 50 '4.0: • .25 
Spring-Tooth 2.00 .50 
Grain Drill 3.50 .29 4.0 .25 
Mower 2.00 • 50 2.0 .50 
Side Delivery Rake 2.00 .50 2.0 .50 
Pickup Baler 2.00 .50 2.0 .50 
Gyromor ( stalk Cutter) . 2.00 .50 3.0 .33 
Source: Survey of agricultural workers in Washita River Basin dur-
ing 1960, and William F. Lagrone, unpublished data. 





Oats and Barley 
Hay (other than alfalfa) 
Forage Sorghum 
Sudan Grass Pasture 
Pasture 
APPENDIX TABLE VI 
DAMAGE FACTORS BY LEVELS OF FLOOD PROTECTION AND BY CROPS AS USED 












Levels of Flood Protection 
Land Ten Twenty Thirty-Six 





























Source: Calculated from data on damages and flood routings in Boggy Creek provided by the Soil Con-
servation Service. 
Acres subject to flooding were as follows: Present Condition, 4792; Land Treatment., 4692; Ten Struc-




APPENDIX TABLE VII 
ESTIMATED NET INCOME PER ACRE FOR INDIVIDUAL CROPS ON BOT'IDMLAND SUBJECT 'ID FLOODING 
BY LEVELS OF FLOOD PROTECTION AND BY FARM MACHINERY SITUATIONS (DOLLARS) 
... I.eveL of. Flood-Protecf!on 
None . (Pre~ent ·· Land. Treat.- · Teri- Twenty Thirty-Six ~---- ~No 
Crop Condition) ment Only Structures Structures Structures Flooding 
Two~Plow Equ:i,pment 
Cotton 28.94 ?30~07 34.63 37.17 38.82 54.67 
Wheat 17.83 18.48 21.02 22.26 23.11 30.59 
Alfalfa 27.99 28.65 31.46 32.86 33.84 43.33 
Grain Sorghum 13.95 14.27 15.69 16.41 16.93 21.13 
Barley 6.40" 6.71 8.03 8.68 9.13 13.16 
Oats 6.44 6.76 8.05 8.68 9.11 13.04 
Four-Plow Egui£!!!:ent 
Cotton 31.25 32.38 36.94 39.48 41.13 56.98 
Wheat 18.68 19.34 21.88 23.12 23.98 31.45 
Alfalfa 27.19 27.85 30.66 32.06 33.04 42.53 
Grain Sorghum 15.12 15.42 16.84 17.56 18.09 22.30 
Barley 7.32 7.65 8.97 9.61 10.06 14.08 




APPENDIX TABLE VIII 
ESTIMATED LABOR REQUIREMENTS PER ACRE BY TYPE OF EQUIFMENT, SEASONS, CROPS 
AND ,IEVELS OF FLOOD PROTEC'fION AS USED IN PROGRAMMING ANALYSIS (HOURS) 
Two-Plow Eguipment ·- . ··-· - -- Four.:.]?1ow Equ:teent 
Crop and level Jan.- May- Aug.- Oct.- Jan.-· May- Aug.- Oct.- . 
of Flood Protection April July Sept. Dec. Total April July Sept. Dec. Total 
Wheat, Barley, Oats, and 
Small Grain Grazing -
All Levels of Protectiona 0 1.43 .71 .35 2.49 0 .67 .33 . ~16 1.16 
Alfalfa a 
None to 36 structures 0 3.39 1.16 0 · 4.55 0 3.02 1.06 .o 4.08 
Complete Protection 0 3.30 1.16 0 . 4.46 0 2.96 1.04 .o 4.00 
Grain Sorghuma 
None to 36 Structures 1.69 l.67 0 0 3.34 .89 .88 0 ·O 1.77 
Complete Protection 1.67 1.65 0 0 3.32 .89 .88 0 .:o 1.77 
Cotton a 
No Protection 2.50 7.40 0 9.82 19.72 1.27 5.40 0 : 9.82 16.49 
Land Treatment Only 2.50 7.40 0 10.08 19.98 1.27 5.40 0 10.08 16.75 
10 structures 2.50 7.40 0 11.24 21.14 1.27 5.40 0 11.24 17.91 
20 Structures 2.50 7.40 0 11.88 21.78 L27 5.40 0 11.88 18.55 
·36 Structures 2.50 7.40 0 12.19 22.09 1.27 5.40 0 12 .. 19 18.86 
Complete Protection 2.40 7.30 0 16.20 25.90 1.22 5.35 0 16.20 22.77 
Forage Sorghuma . ~ . . ,· 
None to 36 Structures 1.91 2.07 1.20 0 5.18 .99 l.07 .63 0 2.69 
Complete Protection 1.88 2 .. 03 1.20 0 5.11 .98 1.06 .62 0 2.66 
Sudan Grass 
None to 36 Structures 1.88 1.43 0 0 3.31 .83 .63 0 d 1.46 I-' I-' 
Complete Protection 1.88 1.43 0 0 3.31 .83 .63 0 0 1.46 --.J 
Crop and Level 
of Flood Protection. 
Small Grain Hay8-
None to 36 Structures 
Complete Protection 
Johnson Grass 
None to 36 structures 
Complete Protection 
APPENDIX TABLE VIII (Continued) 
.. Two-Plow :Equipment· .. . Four-Plow ¥9,uipment , 
Jan. May- Aug.- Oct.- Jan.- May- Aug.- Oct.-

















1.58 .46 .23 2.27 
l.58 .46 .23 2.27 
.42 0 0 .42 
.42 0 0 .. 42 
·, 





APPENDIX TABLE IX 
ESTIMATED VARIATION IN NET RETURNS PER ACRE ATTRIBUTABU: TO FLOOD DAMAGE BY CROPS 
AND BY YEARS, NO FLOOD PROTECTION (DOLLARS) . 
---~~ ----~--------------------------~-·----------~-------
anZ11 x8 Xu 
X4 Grain Sn.all· X9 X10 Johnson 
x1 x2 X3 Grain x5 X6 Pasture Grain Forage Sudan Grass 

















































































































































































































































































APPENDIX TABLE X 
ESTIMATED VARIATION IN NET RETURNS PER ACRE ATTRIBUTABLE 'ID FIOODING 
BY CROP AND BY YEARS, 36 STRUCTURES (DOLLARS) 




x2 ~ X5 x6 
· Grain Snall X9 Johnson 
X1 Grain Pasture Grain Forage Sudan Grass 
Year Wheat Cotton Alfalfa Sorghum Oats Barley Grazed Out Hay Sor~hum. Pasture Pasture 
1938 28.72 50.15 41.13 20.51 12.09 12.15 20.23 9.52 7.94 16.45 2L58 
1939 30.50 47.43 38.66 18.95 12.69 12.79 19.89 8.56 6.25 15.83 21.29 
1940 30.22 50.98 42.17 20.18 12.75 12.86 20.24 9.45 7.56 16.12 21.60 
1941 27.89 43.50 37.72 17.64 1L63 · 11.67 19.62 8.12 4.61 · 15.96 21.06 
1942 26.92 45.07 36.92 18.58 10.50 10.48 19 • .35 7.88 ·5.57 15.57 19.83 
· 1943 28.30 52.36 40.82 20.59 ll.66 11.70 20.15 9.40 7.94 16.48 21.42 
1944 19.25 39.97 .32.38 16.55 10.46 10.44 18.76 6.60 3.66 14.70 20.33 
1945 28.42 51.27 40.35 20.37 11.54 11.58 19.94 9.10 7.73 16.29 21.34 
1946 27.59 48.96 40.01 20.07 11.31 11.34 20.02 9.17 7 • .30 16.40 21.40 
1947 22.79 43.13 35.37 19.11 8.61 8.48 19.22 8.05 6.42 15.89 20.72 
1948 .30.18 46.60 38.30 18.80 12.47 12.56 19.85 8.44 6.17 15.67 2L26 
1949 28.89 49.21 40.68 19.69 12.08 12.15 20.11 9.19 6.78 16.35 21.49 
1950 28.45 51.75 40.83 20.44 11.70 11.75 20.09 9.31 7.80 16.38 21.47 
1951 21.16 3~L91 33.37 17.81 8.87 8.76 18.98 7.47 4.90 15.40 20.52 
1952 23.37 44.23 35.74 19.30 8.64 8.52 19.13 7.97 6.64 15.85 20.65 
1953 28.61 46.44 40.74 18.53 12.09 12.15 19.90 8.80 5.54 16.15 21.30 
1954 24.6.3 46.23 36.98 17.70 9.47 9.39 19.49 8.44 7.00 16.12 20.95 
1955 22.11 36.65 35.42 14.57 9.61 9.55 19.01 8.91 1.19 16.24 20.54 
1956 30.01 51.96 42.28 20.54 12.64 12~74 20.32 9.62 7.86 16.40 21.67 
1957 28.15 50.42 40.70 20.41 11.55 11.59 20.11 9.29 7.75 16.39 21.49 
Xi 26.81 46.76 38.53 19.02 11.12 11.13 19.72 8.66 6.33 16.0.3 21.10 
SXi 3.35 4.59 2.92 1.58 1.39 1.47 _.49 .79 1.73 .44 .50 
~ • 100 12.49 9.83 7.58 8.29 12.49 13.17 2.47 9.17 27.28 2.77 2.39 I-' 
I\) 
0 
APPENDIX TAB4E XI 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE OF WHEAT 
AS USED IN PROGRAMMING ANALYSIS ' 
Price or Bottomland]No Flooding2 ·. Opland 
Co0ost, ::· Value · Value 
Per Unit or Cost or Cost 
Item Unit 1 (Dollars) Amount . • ... (Dollars) . Amount (Dollarsl 








































































































16.85 t,-J I\) 
t,-J 
APPENDIX TABLE llI 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE OF COTTON 
AS USED IN PROGRAMMING ANALYSIS 
Price or Bottom.land (No Floodin~J 
Cost Value 




Item Unit (Dollars) Amount ..... ____ (Dollars) Amount (Dollars) 
Production and Sales 
· Lint cwt. 28.00 3.05 85.40 2.07 57.96 
Seed cwt. 2.25 5.09 11.45 3.46 7.78 
Total 96.85 65.74 
Costs 
Seed lb. .15 22.00 3.30 22.00 3 • .30 
Fertilizer cwt.. 3.65 .so 2.92 .80 2.92 
Insecticide times over 2.50 2.00 5.00 2.00 5.00 
Dessic~nt times over 2.00 1.00 2.00 1.00 2.00. 
Stripping hrs. 1.00 5.99 5.99 4.07 4.07 
Hauling cwt. .25 11.98 3.00 8.14 2.04 
Ginning and Wrapping cwt.. .85 11.98 10.18 8.14 6.92 
Grade Loss cwt. 1.00 1.52 1.52 1.04 1.04 
Machinery, Two-Plow 
5.56 5.56 Power hrs. 1.00 5.56 5.56 
Other hrs. .196 5.05 .99 5.05 .99 
Machinery, Four-Plow 
Power hrs. 1.27 2.82 3.58 2.82 3.58 
Other hrs. .38 2.56 .96 2.56 .96 
Interest on Annual Investment 
.06 Two-Plow Equipment dollars 28 .. 70 1.72 28.70 1.72 
Four-Plow Equipment dollars .06 23.70 1.42 23.70 1.42 
Total 
Two~Plow Equipment acre. -- -- 42.18 - .35. 56 
Four-Plow Equipment acre -- -- 39.87 -- .33.25 
Net Income 
Two-PlowEquipfnent acre -- -- 54.67 -- 30.18 




APPENDIX TABLE XIII 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE 









Item Unit (Dollars) Amount (Dollar a) 
Production and Sales tons 23.33 3.30 77.00 
Costsa 
Seed lbs. .34 5.00 l.70 
Fertilizer cwt.. l.95 .50 .98 
Baling ton 4.80 3.30 15.84 
Hauling ton 2.50 3.30 8.25 
Machinery, Two-Plow 
Power hr. 1.00 3.90 3.90 
Other hr. .38 3.55 1.34 
Machinery, Four-Plow 
Power hr. 1.27 3.66 4.65 
Other hr. .,40 3.33 l..34 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 27.74 l.66 
Four-Plow Equipment dollars .06 28.44 1.71 
Total 
Two-Plow Equipment acre 33.67 
Four-Plow Equipment acre 34.47 
Net Income 
Two~Plow F.qu:i.pment acre 43 .3.3 
Four-Plow Equipment acre 42.53 
aincludes establislune~t cost prorated over four years. 
APPENDIX TABLE XIV 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE OF 
GRAIN SORGHUM AS USED IN PROGRAMMING ANALYSIS 
Item 



















































Bott6mland TN6 -Fiooai~J 
Value · 
or Cost,:·,_ -




























-- 9.77 -- 8.60 
-- 12.73 -- 13.90 
~ 
~ 
APPENDIX TABLE XV 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE OF BARLEY 
AS USED IN PROGRAMMING ANALYSIS 
Item Unit 
Production and Sales bu. 
Grazing AUM 
Costs 









Interest on Annual Investment 
Two-Plow Equipment dollars 
Four-Plow Equipment . dollars 
Total 
Ti\o-Plow Equipment acre 






Frfce or Bottomland '(No F166dfrigJ Upland~----~ 
Cost Value Value 
Per Unit or Cost or Cost 

































































APPENDIX TABLE XVI 
ESTIMATED PRODUCTION AND COST PER ACRE OF SMALL GRAIN GRAZING 
AS USED IN PROGRAMMING ANALYSIS, 
UPLAND AND BOTTOMLAND 
(NO FIOODING) 
Cost 
Per Unit Cost 
Item Unit (Dollars) Amount (Dollars) 
Production 
Bottomland AUM 3.50 
Upland AUM 2.50 
Costs 
Seed bu. 1.10 1.50 1.65 
Machinery, Two-Plow 
Power hrs. 1.00 2.08 2.08 
Other hrs. .26 1.89 .49 
Machinery, Four-Plow 
Power hrs. 1.27 .98 1.24 
Other hrs. .58 .89 .52 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 12.25 .74 
Four-Plow Equipment dollars .06 9.21 .55 
Total 
Two-Plow Equipment acre 4.96 
Four-Plow Equipment acre 3.96 
APPENDIX TABLE XVII 
ESTIMATED PRODUCTION, SALES, COSTS: AND NET INCOME PER ACRE OF OATS 
AS USED IN PROGRAMMING ANALYSIS 
Price or Bot£6mland-(No Floodins) 
Cost- Value 





Item Unit (Dc>llars) Amount (Dollars) Amount (Dollars) 
Production and Sales 
Oats bu. .65 .35.00 22.75 25.00 16.25 
Grazing AUM .40 -- -- .40 
Costs -Seed bu. 1.10 1.50 1.65 1.50 1.65 
Combining acre .3.00 1.00 3.00 1.00 3.00 
Hauling bu. .05 .35.00 1.75 25.00 1.25 
Machinery, Two-Plow 
Power hr. 1.00 2.08 2.08 2.08 2.08 
Other hr. .26 1.89 .49 1.89 .49 
Machinery, Four-Plow 
Power hr. 1.27 .98 1.24 .98 1.24 
Other hr. .58 .89 .52 .89 .52 
Interest on Annual Investment 
Two-Plow F.quipment doll?r .06 12.25 .74 12.25 .74 
Four-Plow Equipment dollar .o6 9.21 .55 9.21 .55 
Total Cost 
Two-Plow Equipment acre -- -- 9.71 - 9.21 
Four-Plow Equipment acre -- - 8.71 -- 8.21 
Net Income 
Two~Plow Equipment acre -- -- 13.04 -- 7.04 
· · Four..:.Plow Equipment acre -- -- 14.04 -- 8.04 ..... 
I\) 
--.,J 
APPENDIX TABLE XVIII 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE OF SMALL GRAIN HAY 
AS USED IN PROGRAMMING ANALYSIS 




Per Unit or Cost or Cost 
Item Unit (Dollars) Amount (Dollars) .Amount (Dollars) 
Production 
Hay ton 19.00 1.50 28.50 1.00 19.00 
Grazing AUM -- .40 -- .40 
Costs 
~ed bu. 1.10 1.50 1.65 1.50 1.65 
Baling ton 4.80 1.50 7.20 1.00 4.80 
Hauling ton 2.40 1.50 3.60 1.00 2.40 
Machinery, Two-Plow 
·Power hr. 1.00 3.18 3.18 3.18 3.18 
Other hr. .31 2.89 .90 2.89 .90 
Machinery, Four-Plow 
Power hr. 1.27 2.08 2.64 2.08 2.64 
Other hr. .49 1.89 .92 1.89 .92 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 32.37 1.94 32.37 1.94 
Four-Plow Equipment dollars .06 26.64 1.60 26.64 1.60 
Total Costs 
Two-Plow Equipment a.ere -- -.- 18.47 -- 14.87 
Four-Plow Equipment acre -- -- 17.61 -- 14.01 
Net Income 
Two-Plow Equipment acre ·- -- 10.03 -- 4.13 
Four-Plow Equipment acre -- -- 10.89 -- 4.99 ..... 
I\) 
()) 
APPENDIX TABIE llX 
ESTIMATED PRODUCTION, SALES, COSTS, AND NET INCOME PER ACRE OF FORAGE SORGHUM 
AS USED IN ffiOGRAMMING ANALYSIS 
Price or Bottomlarid--(No Floodi~J UEland 
Value Cost Value 
Per Unit or Cost or Cost 
Item Unit (Dollars) .Amount (Dollars) Amount (Dollars) 
Production and Sales 
Forage Sorghum ton 16.00 2.00 32.iOO 1.20 19.20 
Costs - Seed lb. .15 6.00 .90 6.00 .90) 
Harvesting ton 4.so 2.00 9.60 1.20 5.76 
Hauling ton 2.50 2.00 5.00 1.20 3.00 
Machinery, Two-Plow 
Power hr. 1.00 4.69 4.69 -- 4.69 
Other hr. .25 4.26 1.07 -- 1.07 
Machinery, Four-Plow 
Power hr. 1.27 2.44 3.10 2.44 3.10 
Other hr. .43 2.22 .96 2.22 .96 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 37.20 2.24 -- 2.24 
Four-Plow Equipment dollars .06 30.74 1 .. 84 -- 1.84 
Total Costs 
Two-Plow Equipment acre -- -- 23.50 -- 17.66 
Four-Plow Equipment acre -- -- 21.40 -- 15.56 
Net Income 
Two-Plow Equipment acre -- -- 8.50 -- 1.54 




APPENDIX TABLE XX 
ESTIMATED PRODUCTION, AND COSTS PER ACRE OF SUDAN GRASS PASTURE 
AS USED IN PROORAMMING ANALYSIS 
Price or Bottomland (No Fioodinir 
Cost Value 
Per Unit or Cost 
Item Unit (Dollars) Amount (Dollars) 
Production 
Sudan Grazing AUM -- 3.00 --
Costs - .06 10.00 .60 Seed lbs. 
Machinery, Two-Plow 
Power hr. 1.00 3.04 3.04 
Other hr. .25 2.76 .69 
Machinery, Four-Plow 
Power hr. 1.27 1.34 1.70 
Other hr. .45 1.22 .55 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 14.75 .88 
Four-Plow Equipment dollars .06 9.86 .59 
Total Costs 
Two-Plow Equipment acre -- -- 5.21 


















APPENDIX TABLE XXI 
ESTIMATED PRODUCTION, AND COSTS PER ACRE OF JOHNSON GRASS PASTURE 
ON BOTTOMLAND AS USED IN PROGRAMMING ANALYSIS 
Price or Bottomland 
Cost 
Per Unit 
Item Unit (Dollars) Amount 
Production 
Grazing AUM 3.00 
Costsa 
Seed lbs. .30 .60 
Machinery, Two-Plow 
Power hr. 1.00 .67 
Other hr. .18 .60 
Machinery, Four-Plow 
Power hr. 1.27 .40 
Other hr. .39 .36 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 3.06 
Four-Plow Equipment dollars .06 3.06 
Total Costs 
Two-Plow Equipment acres 
Four-Plow Equipment acres· 














APPENDIX TABLE XXII 
ESTIMATED PER ACRE PRODUCTION AND COSTS PER ACRE 
FOR SEEDI:tn AND MAINTAINING A NATIVE GRASS 
PASTURE AS USED IN PROGRAMMING ANALYSIS 
132 
Price or U;eland 
Cost Value 
Per Unit or Cost 
Item Unit (Dollars) Amount (Dollars) 
Production 
Grazing AUM .80 
Costsa. 
Seed lbs. .60 1.00 .60 
Spray acre 1.50 .10 .15 
Machinery, Two-Plow 
Power hr. 1.00 .32 .32 
Other hr. .31 .29 .09 
Machinery, Four-Plow 
Power hr. 1.09 .22 .24 
Other hr. .42 .19 .08 
Interest on Investment 
Two-Plow Equipment dollars .06 11.86 .71 
Four-Plow Equipment dollars .06 11.56 .68 
Total Costs 
Two-Plow Equipment acres 1.87 
Four-Plow ·Equipment acres 1.75 
arncludes establishment costs prorated over ten years. 
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APPENDIX TABLE IlIII 
ESTIMATED ANNUAL SALES, COSTS" AND NET INCOME FOR COW-CALF 




























































a.Includes interest on investment in cattle and facilities, repairs 
and maintenance of facilities such as buildings and fences. 
APPENDIX TABLE XXIV 
ESTIMATED ANNUAL SALES, COSTS AND NET INCOME FOR 
COW-CALF ENTERPRISE, SPRING CALVING, AS 
USED IN PROGRAMMING ANALYSIS 
Price Per 
Quantity Per Unit 
Item. Unit Cow Unit (Dollars) 
Sales 
Cull Cows cwt. 1.18 1.3.50 
Heifer Calves cwt. 1.29 21.00 
Steer Calves cJt. 2.13 23.00 
Total cow,;..unit 
Costs 
Veterinary Charges cow--unit 
Minerals lb. 33.66 .0.3 
Cottonseed Cake cwt. 2.46 3.80 
Selling cow-unit 
Bull Depreciation cow-unit 
Miscellaneousa cow-unit 
Total 
















aincludes interest on capital investment in cattle and facilities, 
and repair and maintenance of facilities such as buildings and fences. 
APPENDIX TABLE XXV 
ESTIMATED ANNUAL SALES, COSTS AND NET INCOME FOR 
STEER ENTERPRISE (BUY IN SEPTEMBER AND SELL 
. IN JULY) AS USED IN PROGRAMMING ANALYSIS 
Price 
Quantity Per Unit 
Item Unit Per steer (Dollars) 
Sales ewt. 7.60 21..00 
Less 1 percent for death loss 
Costs 
Calf cwt. 4.50 23.00 
Veterinary Charges steer 
Minerals lb. 16.30 .03 
Cottonseed Cake cwt. .69 3.80 
Buying and selling cwt. 12.10 .50 
Miscellaneousa steer 
Total steer 














arncludes interest on capital invested in steers and facilities, 
· and repair and maintenance of facilities such as buildings and fences. 
APPENDIX TABLE XXVI 
ESTIMATED ANNUAL SALES, COSTS AND NET INCOME FOR 
STEER ENTERPRISE ( (BUY IN OC'roBER AND SELL 




·· Quantity Per, Unit Dollars 
: ,:Unit Per Steer( {Dollars} Per Steer 
Sales cwt. 7.16 22.50 161.10 
Less 1 percent for death loss 159.49 
Costs 
Calf cwt. 4.50 22.50 101.25 
Veterinary Charges steer 1.45 
Minerals lb. 16.30 .03 .49 
Cottonseed Cake cwt. .69 J.80 2.62 
Buying and Selling cwt. 11.66 .50 5.83 
Miscellaneousa steer 11.88 
Total steer 123.52 
Net Income steer 35.97 
arncludes interest on capital invested in steers and facilities, 
and repairs and maintenance of facilities such as buildings and fences. 
APPENDIX TABLE XXVII 
ESTIMATED ANNUAL SALES, COSTS, AND NET INCOME FOR 
STEER ENTERPRISE (BUY IN OCTOBER AND SELL 
IN MARCH) AS USED IN PROGRAMMING ANALYSIS 
Price 
Quantity Per Unit 
Item Unit Per Steer {DollarsJ 
Sales cwt. 6.14 22.25 
Less 1 percent for death loss 
Costs 
Calf cwto 4.50 22.50 
Veterinary Charges steer 
Minerals lb. 8.00 .03 
Buying and Selling cwt. 10.64 .50 
Miscellaneousa steer 
Total ·steer 












aincludes interest on capital invested in steers and facilities, 
and repairs and maintenance of facilities such as buildings and fenceso 
APPENDIX TABLE XXVIII 
ESTIMATED ANNUAL SAI.ES, COSTS, AND NET INCOME FROM 
STEER ENTERPRISE (BUY IN OCTOBER AND SELL 





Item Unit 1.Per Steer ( (Dollars) 
Sales cwt. 8.30 20.50 
Less 1 percent for death loss 
Costs 
Calf cwt •. 4.50 23.00 
Veterinary Charges steer 
Minerals steer 22.00 .03 
Cottonseed Cake cwt. 2 • .25 J.80 
Buying and Selling cwt. 12.80 .33 
Miscellaneous steer 
Total 
Net Income steer 
J.'Dollars;' 








9 • .24 
127.87 
40.58 
APPENDIX TABLE XXIX 
ESTIMATED LABOR REQUIREMENTS PER ACRE FOR IRRIGATED CROPS, BY IRRIGATION AND NON-IRRIGATION 
ACTIVITIES, AS USED IN PROGRAMMING ANALYSIS (HOURS) . 
Two-Plow Equipment Four .... Plow F.qtrl.pment. 
Crop and : - . -~ Jan~.;;.. .May.;.; Aug!... . Octo..... . Jan~"'." May- Aug.- Oct.-












































































































































APPENDIX TABIE XXX 
ESTIMATED INVESTMENT IN IRRIGATION EQUIPMENT AND ANNUAL 
FIXED COSTS BY SIZES OF IRRIGATION SYSTEMSa 
(DOLLARS) 
Size of Irri~ation sistem 
20 40 100 
Item. Acres Acres · Acres 
Investment 
Pump and Motor 640 1,470 2,400 
Pipe, mainline 512 512 1,452 
Pipe, laterals 832 1,248 2jlll2 
Sprinklers 96 252 594 
Risers 19 29 50 
Misc. Items0 _l.!? 50 100 
Total Investment 2,124 .3, 561 6,708 
Avera~e Annual Investment l.9062 ljl780 .3,354 
Annual Fixed Co st 
Depreciation (1.3 years) 163 274 516 
Taxes & Insurance (2%) 21 .36 67 
(Interest 6%) _§ 107 201 
















asystems are somewhat over#,designed to enable greater acreage by 
pumping more hours a ·· 
b40 and 100 acre systems combined. 
0Elbows 1 t-joints, small tools, etc. 
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APPENDIX TABLE XXXI 
ESTIMATED .PRODUCTION, SALES,· COSTS, ANO N"ET INCOME PER ACRE 
OF IRRIGATED WHEAT USED IN PROGRAMMING ANALYSIS 
Price or Value 
Co·st or 
Per Unit Cost 
Item Unit (Dollars) Amount (Dollars) 
Production and Sales 
Wheat bu. 1.85 40.00 74,~oo 
Grazing AUM·· .80 
Costs 
Seed bu. 2.25 1.00 2.25 
Fertilizer 
0-45..;o cwt. 3.95 ·.· :co 2.37 
.33-0-0 cwt. 4.00 1.00 4.00 
Irrigation (4'' application) 
Fuel and Oil · times over· 2.77 2.50 · 6.92 
:Maintenance acre 2.15 1.00 2.15 
Combining acre 4.00 1.00 4.00 
Hauling bu. .07 40.00 2.80 
Machinery, Two-Plow 
Power hrs. 1.00 2.08 2.08 
Other hrs., .26 1.89 .50 
. Machinery, Four~Plow 
Power hrs~ L27 L20 1.52. 
Other hrs~· .54 1.09 o.39 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 22.83 1.4.3 
Four-Plow· Equipment dollars .· -(0106 23.97 1.44 
Total 
Two-Plow Equipment acre 28.50 
Four-Plow Equipment acre 28.04 
.. 
Net. Income 
Two.;.;Plow Equipment .acre 45.50 
Four~Plow Equipment acre 45.96 
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APPENDIX TABLE XXXII 
ESTIMATED PRODUCTION, SALES, COSTS, AND NET INCOME PER ACRE 
OF IRRIGATED COTTON AS USED IN PROGRAMMING ANALYSIS 
Price or Value 
Cost or 
Per Unit Cost 
Item Unit (Dollars) Amount (Dollars) 
Production and Sales 
Lint cwt.. 28.00 7.30 204040 
Seed cwt. 2.25 12 .. 20 2:z.i12 
Total 231.85 
Costs 
Seed lbso •. 15 22.00 3.30 
Fertilizer cwto 4:.00 LOO 4.00 
Fertilizer cwt.o 4.45 1-.,,50 6.68 
Fertilizer cwt. 3.65 
Insecticide times over 3.00 5.00 15.00 
Dessicant times over 3.00 1.00 3 .. 00 
Irrigation (411 application) 
Fuel and Oil times over .2.77 4.00 1L08 
Maintenance acre 2.15 1.00 2.15 
Stripping cwt. 1.00 14.34 14.34 
Hauling cwt. .25 28.68 7.17 
Ginning and Wrapping · cwt. .85 28.68 24~38 
Grade Loss cwt~ 1.00 3.60 3.60 
Machinery, Two-Plow 
Power hrs. LOO 5.56 5.56 
Other· hrs. .20 5.05 .99 
Machinery, : 'Fou~Plow 
Power hrs. L27 2.82 3.58 
Other hrs. • .38 2.56 .96 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 51.94 3.12 
Four-Plow Equipment dollars .06 l;.6.94 2.82 
Total 
Two-Plow Equipment acre ...,...;.,. 104.37 
Four-Plow Equipment · acre 102.06 
Net Income 
Two-Plow ];quipment ' 127.48 acre 
Four-Plow Equipment acre 129079 
APPENDIX TABLE XXXIII 
ESTIMATED PRODUCTION SALES, COSTSi AND NET INCOME PER ACRE 









Item · Unit (Dollars) ·Amount (Dollars2 
Production and Sales 
Grain Sorghum bu. .90 69.00 62.10 
Costs 
Seed lbs. .15 10.00 L50 
Fertilizer cwt. 3.95 .50 lo98 
Fertilizer cwt. 4o00 2.00 8.00 
Irrigation (411· application) 
Fuel and· Oil times. over 2o7? · 3.00 8.31 
Maintenance 2.15 LOO 2.15 
Combining acre 4.00 1.00 4.00 
Hauling bu.· .06 69.00 4.14 
Machinery, ( Two-<Plow 
Power hrs. LOO 3.92 3.92 
Other hrs. .21 30:37 .69 
Machinery, Four-Plow.· 
2.36 Power hrs. 1.27 .1.86 
Other hrs~ .46 1.69 .77 
Interest on Annual Investment 
Two-Plow F.quipment dollars .06 24.73 1.48 
Four-Plow Equipment dollars .06 24.81 1.49 
Total 
Two-Plow Eqµipment acre -- 36.17 
Four-Plow F.quipment · acre ... = 34.70 
Net Income 
Two-Plow Equipment acre 25.93 
Four-Plow Equipment acre 27.40 
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APPENDIX TABLE XXXIV 
ESTIMATED PRODUCTION, SALES, COSTS AND NET INCOME PER ACRE 
OF IRRIGATED ALFALFA AS USED IN PROG~ING ANALYSIS 
Price or Value 
Cost or 
Per Unit Cost 
Item . Unit (Dollars) Amount (Dollars) 
Production and Sales 
·Alfalfa Hay tons 2.3 °33 l)6.,.50 151.64 
Costsa 
Seed lbs. .34 .5.00 1.70 
Fertilizer cwt. 3.95 L75 6.91 
Insecticide times over _;3.00 Z;;OO 6~00 
Irrigation (411 application) 
Fuel and Oil ·times over 2.77 5.00 13.85 
Maintenance· acre 2.15 1.00 2.15 
Baling· •. 1,, •· ton:; l+.80 6.50 31.20 
Hauling ton 2.50 6.50 16.25 
Machinery, 'l'wo-Plow 
Power hr. 1.00 6.80 6.80 
Other hr. .38 6.23 2.36 
Machinery, Four-Plow 
Power hr. 1.27 6.46 8.20 
Other hr. .41 5.91 2.43 
Interest on Annual Investment 
Two-Plow Equipment dollars .06 56.40 3.38 
Four-Plow Equipment dollars .06 57.92 3.48 
Total 
Two:..P1ow Equipment acre -= 90.60 
Four-Plow Equipment ae're . 92.17 
Net Income 
· T'wo-Plow Equipment acre 61.04 
Four-Plow;Equipment acre 59.47 
arncludes establishment costs prorated over fop.r. years. 
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